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TIES for Dummies

The TIES method is a forecasting environment whereby the decision-maker has the ability to easily assess and
trade-off the impact of various technologies without sophisticated and time-consuming mathematical formulations.
TIES provides a methodical approach where technically feasible alternatives can be identified with accuracy and speed
to reduce design cycle time, and subsequently, life cycle costs, and was achieved through the use of various
probabilistic methods, such as Response Surface Methodology and Monte Carlo Simulations. Furthermore, structured
and systematic techniques are utilized from other fields to identify possible concepts and evaluation criteria by which
comparisons can be made. This objective is achieved by employing the use of Morphological Matrices and Multi-
Attribute Decision Making techniques. Through the execution of each step, a family of design alternatives for a given
set of customer requirements can be identified and assessed subjectively or objectively. This methodology allows for
more information (knowledge) to be brought into the earlier phases of the design process and will have direct
implications on the affordability of the system. The increased knowledge allows for optimum allocation of company
resources and quantitative justification for program decisions. Finally, the TIES method provided novel results and
quantitative justification to facilitate decision making in the early stages of design so as to produce affordable and
quality products.

The steps of TIES:

1. Define the problem

2. Define Concept Space: design and technology concepts identification
3. Modeling and simulation
4. Investigate design space
5. Evaluate of system feasibility/viability: probability of success
6. Specify Technology Alternatives
7. Assess Technology Alternatives
8. Select Best Family of Alternatives
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The following tutorial explains how to implement each of the steps from a computational or evaluation point
of view. References associated with the TIES method are listed below and can be obtained from the web site:
http://www.asdl.gatech.edu/publications/index.html.

1. Kirby, M.R., Mavris, D.N., “A Method for Technology Selection Based on Benefit, Available Schedule and
Budget Resources", SAE 2000-01-5563.

2. Kirby, M.R., Mavris, D.N., “Forecasting Technology Uncertainty in Preliminary Aircraft Design”, SAE Paper
1999-01-5631.

3. Mavris, D.N., Kirby, M.R., "Technology Identification, Evaluation, and Selection for Commercial Transport
Aircraft", 58th Annual Conference Of Society of Allied Weight Engineers, San Jose, California 24-26 May, 1999.

4. Mavris, D.N., Kirby, M.R., Qiu, S., "Technology Impact Forecasting for a High Speed Civil Transport", World
Aviation Congress and Exposition, Anaheim, CA, September 28-30, 1998. SAE-985547.

5. Mavris, D.N., Mantis, G., Kirby, M.R. "Demonstration of a Probabilistic Technique for the Determination of
Economic Viability," World Aviation Congress and Exposition, Anaheim, CA, October 13-16, 1997. SAE-
975585.

So, let’s begin.

Step 1. Problem Definition

The first step in TIES is to define the problem in terms of the customer requirements for which the product
will be designed, the available budget to expend on the development, and the time frame in which the product must
enter the market. In order to formulate the problem, a customer or societal need must exist or a request for proposal
must be stated to drive the design of a new product. This need is often termed the “voice of the customer” and is
typically qualitative, or ambiguous, in nature. For example, a commercial airline performs a market study and identifies
that a majority of potential passengers wish to have lower fares and more flight time options. These are subjective and
qualitative “wants” that must be mapped into some economic, engineering, or mathematically quantifiable
terminology. The result of this step is the identification of the system level metrics which capture the customer
requirements and will be the measure of success of the system under consideration.

Table 1: Metrics and Constraints:

Parameter Acronym | Target or Constraint Units
Performance
Approach Speed] Vapp =155 kts
FAR Stage II Flyover Noise] FON =106 EPNLdB
Landing Field Length] LdgFL = 11,000 ft
FAR Stage II Sideline Noise] SLN =103 EPNLdJB
Takeoff Field Length| TOFL =11,000 ft
Takeoff Gross Weightl TOGW = 1,000,000 1bs
Economics
Acquisition Price] Acq$ Minimize FY96 $M
Research, Development, Testing, and Evaluation] RDT&E Minimize FY96 $M
Average Required Yield per Revenue Passenger Mile] $/RPM =0.10 FY96 $M
Total Airplane Related Operating Costs] TAROC Minimize FY96 ¢
Direct Operating Costs plus Interest] DOC+I Minimize FY96 ¢
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Step 2. Define Concept Space: Design and Technology Concepts

Once the customer requirements are defined in terms of quantifiable engineering parameters, the thrust of the
TIES method begins with the definition of the concept space and is driven by innovation and “out-of-the-box”
thinking. Initially, the experience, knowledge, and intuition of the designer is utilized to identify a potential class of
vehicles and provides the methodology with a starting point for selecting potential solutions to satisfy the customer
requirements. The focus of this step is two-fold: identify the space of alternative concepts that is based on a defined
class of vehicles, and establish the geometric and propulsive design space for which system feasibility is initially
sought.

Define Technology and Concept Space

In the design of any complex system, there exists a plethora of combinations of particular subsystems or
system characteristics that may satisfy the problem at hand. For example, how many engines are needed? What is the
cruise speed? What type of high lift system is needed? Is a horizontal stabilizer preferred over a canard? A functional
and structured means of decomposing the system and identifying component options is through the use of a
morphological analysis. The Morphological Matrix is formed by identifying the major functions or characteristics of a
system on the vertical scale and all the possible alternatives for satisfying the characteristics on the horizontal scale. In
essence, this is where the technology alternatives, both mature and immature, to be considered in later steps are
defined. Once the matrix is populated, an alternative design concept is defined as a mix of the characteristic
alternatives. All possible design alternative combinations define the alternative concept space. In general, one
alternative concept is established to begin the feasibility investigation and will be called the baseline concept and is
typically drawn from mature technologies. Please refer to references 3 and 4 for more info.

Table 2: Morphological Matrix for HSCT

\%
Characteristics 1 2 3 4

Vehicl ( ; . Wing, Tail & :
ehicle | Wing & Tail J Wing & Canard Canard Wing
Fuselage | Cylindrical Area Ruled > Oval
Pilot Visibilit R . L €onventiona
1lot Visibility | Synthetic Visionl Conventional S
Range (nmi) CSOOO 6000 6500

Passengers 250 300 320

Mach Number 22 24 2.7

2
Type G/IFTD Turbine Bypass Midl;l"azilndem Flade

Materials |[<Conventional>) High T Comp

Combustor { ConventionaP RQL LPP
Nozzle @entional Internal _ Mixed Ejector Mixer Ejector &
Flow Alteration Acoustic Liner

Conventionaly Conventional
Low Speed % Flaps & Slots cc
High Speed anventionals NLEC Active Control HLEC
Materials /Am;@ Titanium Iélgh Temp.
omposite

Integrall Spanwise C .
Stiffened Stiffened Monocoque 3y fre

Struct |Aero| Propulsion Mission| Config

Process
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Define the Design Space

Once the baseline concept is defined from the alternative concept space, the baseline may be further
decomposed into product and process characteristics. This can be performed via the Morphological Matrix or through
brainstorming sessions with IPTs. Primary product attributes include the physical design parameters that describe a
characteristic of the system. In conceptual and preliminary aircraft design phase, all of the design parameters should
not be fixed but should vary within some specified range until such time as a configuration is “frozen”. The process
attributes include certification, manufacturing, economic, and operational parameters, which are inherently uncertain.

Within the context of TIES, the product attributes are the key design variables (with associated ranges) which
define the design space of interest for a given alternative concept. These design variables are often referred to as
“control” factors, or variables that are within the designer’s control. These key design variables, and associated ranges,
define the design space in which system feasibility is sought. The design variable ranges are chosen such that the
largest possible deviations in the given baseline configuration may be captured. This implies that the system must have
a converged solution, that is, be capable of flying the specified mission. However, care should be taken so that a
handful of variables do not artificially dominate the design space due to larger relative ranges. For example, if one
variable is allowed to deviate £5%, other variable deviations should be the same order of magnitude.

Table 3: Design Variables and Ranges With Baseline Configuration.

Variable Minimum Maximum Bascline Units Description
Value
SW 7500 9000 900 ft2 |Wing Area
TWR 0.29 0.33 0.29 ~  |Thrust-to-weight ratio
TIT 3000 3400 3000 °R |Turbine Inlet Temperature
FPR 3.5 4.5 4.5 ~ |Fan Pressure Ratio
OPR 18 21 18 ~  |Overall Pressure Ratio
CLdes 0.08 0.12 0.1 ~ |Design Lift Coefficient
X2 1.54 1.69 1.609 ~ |LE kink x-location*
X3 2.1 2.36 2.36 ~ |LE tip x-location*
X4 2.4 2.58 2.58 ~ |TE tip x-location*
X5 2.19 2.37 2.19 ~ |TE kink x-location*
X6 2.18 2.5 2.18 ~ |TE root x-location*®
Y2 0.44 0.58 0.51 ~ |LE kink y-location*

t/c root 3 5 4 % | Wing root thickness-to-chord ratio
t/c tip 2 4 3 % | Wing tip thickness-to-chord ratio
SHref 400 700 550 ft2 |Horizontal Tail Area
SVref 350 550 450 ft2 |Vertical Tail Area

*Variable normalized by wing semi-span

M. Kirby
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Step 3: Modeling and Simulation

A modeling and simulation (M&S) environment is needed to facilitate rapid assessments with minimal time
and monetary expenditures of the alternative concepts identified in the Morphological Matrix. Most companies have an
in-house developed M&S environment to perform the design trades. The TIES method is not code specific, but the
M&S tool utilized must have some basic features as outlined in Table 4. One cannot underestimate the importance of
having a cohesive M&S environment. Without this environment, application of the TIES method is arduous. A
principle requirement for any decision making process is the ability to quantitatively assess the customer requirements
that drive a design. This can only be achieved through an M&S environment. The requirements for the M&S
environment in Table 4 are directed towards aircraft analysis codes. However, one may extrapolate the features needed
for ANY system design code.

If the class of vehicle that you are considering falls in the validity range of the analysis tool, you are ready to
g0. Most of the existing public domain codes are based on historical data for evolutionary concepts. If the designs of
interest fall within this range, the sizing and synthesis codes can accurately assess the objectives. Yet, for a
revolutionary concept the validity of the results will be questionable. This inability can be overcome through direct
linking of more physics-based analytical models, or using metamodels to represent the physics-based analysis tool.
Look at reference 4 for more information.

Table 4: Required Features Needed for an M&S Environment

Feature Importance Purpose
Parametric inputs High To quantify outputs in terms of inputs and
facilitate the use of Response Surface Methods
Physics based Medium High To analyze and model evolutionary or
(based on level of revolutionary concepts
confidence desired)
Synthesis capability Average To quantify the various disciplines

(could use table look-
ups created off-line)

Unconstrained mission analysis Medium High
Robust input definition High
Economic analysis High
(assumes economics are
a key driver)
Responses are quantifiable Medium High
Disciplinary technical metric Very High
impact factors
Automation capability Average
Rapid Assessments Average
Access to source code Average

(aerodynamics, structure, and propulsion) for a
given configuration

To “size” the system in terms of a fuel and
thrust balance to fulfill a given mission that
results in a “sized” vehicle and corresponding
weights in an unconstrained manner so as to
employ the use of metamodels for a continuous
design space

To allow for a wide range of configurations or
missions to be analyzed

To immediately quantify the impact of design
changes on the economic requirements of the
system

To functionally relate the responses of interest
to the variations of inputs

To simulate the discontinuity associated with
the addition of new technologies

To facilitate probabilistic design methods and
to have a “wrapper” around the tool

To facilitate reduced cycle time

To modify fidelity deficiencies of different
disciplines as needed and understand internal
control laws or to add technical metric “k”
factors

M. Kirby
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Table 5: HSCT Baseline Metrics

Parameter Acronym Baseline Value
Performance
Approach Speed| Vapp 154.1 kts
FAR Stage Il Flyover Noise] FON 112.3 EPNLdB
Landing Field Length| LdgFL 9,063.2 ft
FAR Stage II Sideline Noise|] SLN 111.6 EPNLdB
Takeoff Field Length] TOFL 12,407 ft
Takeoff Gross Weightl TOGW 937,108 lbs
Economics

Acquisition Price] Acq$ 218.58 FY96 $M
Research, Development, Testing, and Evaluation| RDT&E | 16,124.9 FY96 $M
Average Required Yield per Revenue Passenger Mile| $/RPM 0.1236 FY96 $
Total Airplane Related Operating Costs| TAROC 5.948 FY96 ¢
Direct Operating Costs plus Interest{ DOC+I 5.058 FY96 ¢

Step 4. Design Space Exploration

For the purpose of this tutorial, I will assume that you will use Response Surface Equations (i.e., a
metamodel) representation of your metrics in conjunction with a Monte Carlo Simulation. In this step, you are trying to
determine the metric values for any combination of design variables, i.e., where the metrics are as a function of design
variables relative to the target values you identified in Step 1. The first step is to create a Design of Experiments (DoE)
table. DoE is a technique to study the interactions between the design variables and their effects on the response
metrics. Full factorial DoEs can only handle up to 16 variables, because the number of cases to run increases
exponentially with more variables. For example, if you had 12 variables with two possible settings or levels, you
would have 4096 or 2'> combinations to investigate. This is why it is important to use a fractional factorial DoE or to
perform a screening test to eliminate some of the non-contributing variables. DoEs for more than 16 variables do not
exist. Based on the Pareto Principle, it is rare that more than a handful of variables actually contribute to the response
of interest. You can do a screening test at anytime, no matter how many variables you have. So, let’s perform a
screening test.

Screening Test

Start up JMP
Go to the JMP Starter window. If the window doesn’t come up when you start JMP, then go to View and
select JMP Starter and the window below will come up.

M. Kirby Page 6
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< JMP - JMP Starter

JMP Starter

File ”Elasi: Stats ” Moceling ” Multivarizte ”Surwval ”Graphs l G l DOE l Tables l Inlex l

Opening and Cresting Dsta Tables and Text

_ Create & nevy Data Table, and display as & grid in & new window

Open & JMP file containing & data table, or import it from another file

Connect to & Database:

Wirite and edit text, including scripts

Open a file containing text, & script for example
Open a file containing journaled JWMP output.

Examine and set system preferences.

JMP Starier

File ”Elaslc Stats ” Madeling lJ’ Multivariate I[Survlvall Graphsl Qc l DOE l Tahles l Indexl

Experimental Design. Define factors and desion & table of experimental runs.

_ Create & design tallored to meet specific requirements.
_ Sift through many factors to find the few that have the most effect
_ Find the best response allowing gqusdratic effects (curvature)
_ Generate all possible combinations of the specified factor settings
@ _ Make inner and outer arrays from signal and noise factors.
_ Optimize = recipe for a mixture of several ingredients.
_ Add maore runs to an existing data table. Replicate, add certerpoints | fold

aver of add model terms.

! _ Plat any two of the power to detect an ettect, the sample size, and the

etfect size given the third. Or compute one given the ather two

Then select the Screening Design button and add the number of continuous variables that you are
considering. Let’s add 22 variables.
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JMP - JMP Starter

Walues

Screening Design

Specify Factar:
Add s Cortinuous or Categorical factor by clicking its button. Double click
on a factar name ar level to edt it

I
I
:
[
i
J
I
il

oints, fold

and the
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JMP will add X1 through X22 in the window that pops up. The variable ranges are set at a minimum of “-1”
and a maximum of “1”. If you would like to change the names of the variables from X1 to something more intuitive,
just double click on X1 and enter the variable name. Also, if you would rather look at a dimensional DoE, double click
on the “-1” or “1”” and add in the real values. Once you are done, click the Continue button.

2-Level Categorical

3-Level Categorical

[Mame Role
Continuous
H2 Continuous
X3 Continuous
w4 Continuous
x5 Continuous
Screening Desian
Specify Factor:

Addd 5 Corfinuous or Categorical factar by clicking s button. Double click
on a factar name or level to edit it

I
I
:
i
i
)
I
il

In general, the larger number of runs is better, so choose a Fractional Factorial with a Resolution IV with
some 2-factor interactions with no value in the block size column and then select the Continue button, or if you have
messed up for some reason you can hit the Back button and it will take you to the previous screen.

Fale Values

Cantinuous
Cantinuous
Carntinuous
Carntinuous
Carntinuous

Screening Design
22 Factars
—Choose D

Number  Block Resoltion
Of Runs_Size _Design Type - what is estimable
24 Plackett-Burman 3 - Main Effects on :
78 Plackett-Burman 3 - Main Effects Only oirts, fold
32 Fractionsl Factorial 3 - Main Effects Only
32 Fractional Factorisl 3 - Main Effects Only -
32 Fractional Factorisl 3 - Main Effects Only
32 Frectional Factorisl 3 - Main Effects Only
54 Fractionel Factorisl 4 - Some 2-factor interactions
Fractional Factorial 4 - Some 2-factor nteractions

4

4

4

4

4

4

=Sl =l | = || v i =Nl =)

Fractional Factorial - Some 2-factor interactions:
- Some 2-factor interactions:
ome 2-factar interactions

Fractional Factorial
Fractional Factorial

Fractional Factorial

ome 2-factar interactions

Fractional Factorial ome 2-factar interactions
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The next screen will come up. There is a lot of information here. In particular, under the Change Generating
Rules you can modify the choice of different fractional factorial designs for a given number of factors. The Aliasing of
Effects button shows you the aliasing structure of the design you have selected and the Coded Design button shows
you the pattern of high and low values for the factors in each run. For our purposes, the DoE that JMP will create is
fine. We do need to add a few things before continuing. In particular, add 1 center point so that any quadratic effects
could be simulated. And under the drop menu for “Run Order”, select the option “Keep the Same” rather than the
default of “Randomize” so that you can always repeat the identical DoE in the future. Once you are done, select the
Make Table button.

Values

Cortinuous
Continuous
Continuous
Cortinuous
Continuous

Screening Design

22 Factors

Fractional Factorisl

—Disnlay and Modify Desion

airts, folt

Qutput Options and the:

Run Order Rendomize =

Miake JMP Table from design phes:
Kumber of Certer Poirts

Replicates [ o

I
I
:
i
1
l
i
i

The following window will come up. This is your DoE for your screening test. If you did not enter in real
values or names for your input variables then the table represents the non-dimensional settings of the 22 variables that
you have (X1 through X22). It shows you that there are 129 rows which corresponds to the number of cases to be
executed by your analysis code. In addition, the settings for the 22 variables that you have are shown, i.e. “-1”
corresponds to the minimum setting of the variable, “+1” is the maximum value, and “0” is the midpoint. Note you can
also change the labels on the columns to reflect the actual variable names that you have. You can do this by double
clicking on the X1 column heading. You can then change the name and tab over to change the rest.

[F:

of.
s
-3
*
&
£
E-1
5
3
E
=

| 54 4 I 1 P 4

1

B4 B4 4 B Y B

fsfs

O 4 8 B 5 ) 9% (0% I

| % N i T8 (% O 59 103

=]

Llafuiala

AR 0 8 O S0 £ 00 1 B 5 5% I Y

|

34 10 10 P IO 1) O PN W I 58 slefs O Y 5 B 0% 1 08 B P

|
i

-_-.A.'_'.a.‘.'.a.‘-!;.a.;'—l;'.;'-;a.l‘.;'_:‘ S

Ll aiss
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Now, what you need to actually run your analysis tool is the setting for the different variables for each case in
the DoE, i.e., and actual values not non-dimensional ones. If you place the mouse cursor in the cell under “X1” and
row 1, you can highlight the entire DoE table and then copy it into Excel. Below is shown a sample of a highlight. If
were to copy this and then paste it into Excel, I would get all the info for X1 through X12 and rows 1 through 19. You
want the entire DoE table. NOTE: make sure that your copy and paste areas are the same dimensions. If they are not,
your results will be messed up.

£» JMP - [Fractional Factorial]

Design Fractional Factarig
¥ hlodel

ettt

bbb b

Put your
cursor here

e p) [
*20 23 [ttt
21 T P ——
%22 p] —

Y B B

[ P ———

pr T —

P —

At

1) p———

1 [ ———

Al Rowes 128
Selected 19
Excluded 0

R R ... |- |- - o e o ] e

e e e e o e L [ L [ L [ Lo | L | L

Hidclen
Labeled

To copy the entire table, highlight all cells as shown below and then go to Edit and then click Copy. The

entire DoE is in the clipboard and you can go directly to Excel.
4» JMP - [Fractional Factorial] M[=1E3

DEEE00E000000060G060 6666668 @

Al Rows
Selected
Excluded
Hidcen
Lahelled
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You will be given an Excel spreadsheet entitled “convert screening” which will take the above non-
dimensional table from JMP and convert the design variables to real values to use in the command line rundoe. Open
the “convert_screening” file and make the active cell C10. Then go under Edit and select Paste Special and you will
get the following window, select Unicode Text or Text, and press OK. NOTE: look at the dimensions of the table you
have in the “convert screening” Excel file and make sure you have the right number of columns for the variables and
the number of rows for the number of cases. If you have more or less than either one of these, you need to increase or
decrease the dimensions by copying or deleting the cells or adding more columns, etc before you paste the JIMP DoE
table.

Pasie Special

And you will see that the table you selected in JMP will fill out the table in Excel. What you see here is the
non-dimensional table with the variables listed above (e.g. Wing area, T/W, TIT, etc.) and the corresponding “real
value” ranges if you scroll to the right. The minimum value for the wing area is 7500 that corresponds to the “-1” of
the JMP table. The maximum value is 9000 that is the “+1” value of JMP. You need to input your design variable
names and ranges as applicable to your problem. Also note that the mid-point (i.e., “0”) is automatically calculated
from the “-1” and “1” values you entered.

X Microsofi Excel - convert_screening
[

” U = =

” Times Mew Roman =10

o m[_toln)

=TI |
[

l—l—l—l—l—l—l_,':
NOTE: The current di i of the ion are 22

by 129. Modify if larger or smaller by dding rows and
columns to both the JMP table below AND the

domensional to the right!!!
Fianges  Wing Area T TIT FFR OFF__ hrottle Rati Cldes

-1 7500 023 3000 35 12 104 0.08
1} 8250 0. 3200 4 135 1045 01
1 3000 0.33 3400 4.5 21 1.05 0.12

Caze  WingArea  TiwW TIT OFF__ hrottle Rati Cldes

-1.00000

0

1]

0

1]

1]

Ii)

1]

1]

Ii}

1]

1]

0

1]

]

7 0
e [#f, 1.1 to actual [random

I 5 &

G
AL
i
T
e
T
e
i
i
s
oo
N
o
o]
oo
i
o
ENEN!
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Now, if you scroll over to the right, you will see the real number DoE values that were converted from the
non-dimensional JMP table as shown below.

1 - comvert_screeming

|®]File Edit View Insert Fommat Tools Data Window Cell Fun Help -5l ﬂ‘

D SRY BRI 0- A& = AL GS A~ -8

Times Mew Roman 10 = | B 2% 5, 9 | | - & A
L. I=Inll Y PIEERIAE T EEar
10 - - B
wo zZ | as [ s | ac [ an | AE [ AF | AR [ &H | AL [ Ad | ::j

1 I
2 |

3
4 nez
|5 o5

E .28 Real Numbers to use in the Command line DoE for your analysis

7 tool

g B | Caze  Wing Area T TIT FFR OFF  hrottle Bati Cldes HE ptt] 4 *
]
[0 | 100000 1 7HO0.000 0250 3000000 3500 18.000 1.040 0,030 1540 2100 2400 2]
L 100000 2 THEO0.000 0290 3000000 3500 18.000 1040 0120 1590 2,360 2530 2
Lz ] -1o0000 3 7HO0.000 0250 3000000 3500 18.000 1.050 0,030 1590 2,360 2530 2
| 1% | 100000 4 TE00.000 0.290 000,000 2500 12.000 1.050 0.1z0 1540 z.100 z2400 z
L% -1o0000 5 THO0.000 0290 3000000 3500 21.000 1040 0,030 1590 2,360 2530 2
| 15 | 1.00000 & TE00.000 0.290 000,000 2500 21.000 1.040 0.1z0 1540 z.100 z2400 z
L6 ] -1.o0000 7 THO0.000 0290 3000000 3500 21.000 1.050 0,030 1540 2100 2400 2]
L7 100000 ] 7HO0.000 0250 3000000 3500 21.000 1.050 0120 1590 2,360 2530 2
|18 | -1.00000 ] TE00.000 0.290 3000.000 4500 18.000 1.040 0.080 1630 2.360 2580 P
[f187) 100000 10 7HO0.000 0250 3000000 4500 18.000 1.040 0120 1540 2100 2400 2]
| 20| -1.00000 1 TE00.000 0.290 000,000 4.500 12.000 1.050 0,020 1540 z.100 z2400 z
L2 100000 12 THEO0.000 0290 3000000 4500 18.000 1.050 0120 1590 2,360 2530 2
| 22 | -1.00000 12 TE00.000 0.290 000,000 4.500 21.000 1.040 0,020 1540 z.100 z2400 z
[L23) 1.00000 ) THEO0.000 0290 3000000 4500 21.000 1040 0120 1590 2,360 2530 2
[l2&| -1.00000 15 7HO0.000 0250 3000000 4500 21.000 1.050 0,030 1590 2,360 2530 2
|25 | 100000 16 TH00.000 0.230 3000.000 4500 21.000 1.050 0.1z0 1540 z.100 z.400 .
26| -1.00000 17 7HO00.000 0250 3400000 3500 18.000 1040 0,030 2
44w RiE, -1.1 ko actual [random) =1
JJD;&W'[QG;|AQTDShapes'\\Q|:|O 4|®|-£.&.=

Ready |1 Sum=-52.00000 [ MU [SCRL oz

You need to copy this tables from cell Z10 (or wherever the cell is that corresponds to the case number) to the
bottom right of the converted table as shown below.

Ticrosofi Excel - comvert scree:

ﬁ File Edit View [nsert Fomvat Tools Data Window Cell Fan Help

A ¢ NEL &G B o

Times Mew Roman = 10 v| B 7 U

BH|s %, %3
2 L oo [ 16T @

710 = -B

Ak [ a1 [ am | an [ a0 [ ar [ A [ AR [ as | AT [ aw [ a¥ [ aw | 74
7 =
8 5 %6 Y2 5 Woroot | e tp | SHief  Svref  RMASCAL  YOR YO |
s =

L]
133

L hd
4[4 W T¥il -1.1 to actual (random] £ 1=l |L|J-I
[ D - Iy ¢ | AnteShapes - N N OO E 4l &~ 2-A-= .E.@!ﬂml&aﬂ

Ready | Sum=1620365.775 | MuMSCRL] [ s
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TIES for Dummies

Now, open a new sheet and go to Edit and the Paste Special. And the following window will come up. You
want to select Values and then OK.

Paste Special

Your values will be pasted into a 22 by 129 range. Now go to File and then Save As and you will get a “Save
As” window. Under Save as type, choose the “Formatted Text (Space delimited)” option and call your file “doe.table”.
Then hit the Save button.

|_1WAC98_HSCT_FIx
[ 1WACIS_HSCT_Tech

doe.table =
Formatted Text {Space delimited) =

below, just hit OK.

get the warning
Microsoft Excel

1\

You will

Then go to File and select Close. You will get another warning as shown below. Select the No option because

you want the file in the space delimited format, not an Excel format.
Microsofi Excel

Now you need to FTP this file to your account to run your analysis code. Make sure you FTP as ASCII NOT
binary. I assume you know how to do this. Then you need to set up your “rundoe” script. An example script for an
HSCT design space is shown below. You will create one similar to this on your UNIX account. Call the file rundoe.
Additionally, when you ftp your doe.table file to your account, make sure that there are spaces between each number.
In our case, we should have 23 columns of numbers and 129 rows. If your file did not transfer as such, go back to
Excel and copy your table again to a new worksheet and increase the column width so that you see spaces between the
numbers and then save the file again.

#!'/usr/local/bin/tcl -f

for_file line doe.table {
lassign $line a varl var2 var3 var4 var5 var6 var7 var8 var9 var10 var1l var12 var13 var 14 var 15 var 16
puts stdout "#####H#H#E CASE # $a  #u####H##"

# Set up the input to tsw

set file [open varfile w

puts $file "CONFIN SW$varl "

puts $file "CONFIN TWR $var2 "
puts $file "CONFIN ETIT $var3 "
puts $file "CONFIN EFPR $var4 "
puts $file "CONFIN EOPR $var5 "
puts $file "DESI GN CLDESGN $var6 "
puts $file "DESIGN X2 $var7 "
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TIES for Dummies

puts $file "DESIGN X3 $var8 "
puts $file "DESIGN X4 $var9 "
puts $file "DESIGN X5 $var 10 "
puts $file "DESIGN X6 $varll "
puts $file "DESIGN Y2 $varl2 "
puts $file "DESIGN TCRT $var13 "
puts $file "DESIGN TCTP $vari4 "
puts $file "DESI GN SHREF $var15 "
puts $file "DESIGN SVREF $vari16 "
close $file
# Run tsw
puts st dout " Runni ng tsw'
catch "exec tsw -input opt_baseline -output case$a varfile"

exec cp case$a f198.in
exec flops_subs_nodified
exec nv flopsin. new case$a

Make sure your baseline file
name that you are using
corresponds to this name

exit

Another sample file is shown below.
#!/usr/local /bin/tcl -f
for_file line doe.table {
lassign $line i
puts stdout "#######H# CASE # i
# Set up the input to tsw
set file [open varfile w

varl var2 var3 var4 var5 var6
HHHHRHRE"

puts $file "MAININ THRSO $varl "
puts $file "TOLIN THRTO[1\] $varl "
puts $file "TQLIN THRTO[2\] $varl "
puts $file "TOLIN THRTO[3\] $varl "
puts $file "TOLIN THRTO[4\] $varl "
puts $file "TOLIN THRTO[5\] $varl "
puts $file "TOLIN THRTO[6\] $varl "
puts $file "TOLIN THRTO[7\] $varl "
puts $file "TOLIN THRTO[8\] $varl "
puts $file "TOLIN THRTO[9\] $varl "
puts $file "TOLIN THRTO [ 10\] $varl "
puts $file "MAININ GV $var2 "
set land_w [expr ($var2-381987.4)]
puts $file "MAININ W.DG $l and_wt "
puts $file "MAININ CLTOM $var3 "
puts $file "TOLIN CLTQM $var3 "
puts $file "MAININ CLLDM $var4 "
puts $file "TOLIN CLLDM $var4 "
puts $file "TOLIN ALPROT $var5 "
puts $file "TOLIN ALMXLD $var6 "
close $file

# Run tsw

puts stdout " Runni ng tsw'
catch "exec tsw -input base -output case$i varfile"
exit

This syntax is based on THRTO
having a 10 element array and this
is how you substitute a particular
element of that array

Now you need to write another script to run your DoE. A simple script is shown below. You can call the file
anything you like. Just make sure that you change the mode of the file to make it executable. For example, if you call
the file runcases, then at the UNIX prompt, type chmod 700 runcases. Also, do this for the rundoe file you

created.
echo "Running the bl script for DoE cases"
i=1
i max=129
while [ $i -le $imx ]
do
echo "Now running file: &$i"
flops case$i case$i. out
echo "$i conpl eted"
echo Mhkhkkhkkhkhkhkhkhhhhhhkhhhhhhhhhhhhhhhhhhhhhhhhkhhdhhhhhhhhhkhhhhrhkrhkrhkrhrhrhkrhkrhx"
let i=i+l
done

To execute both the rundoe and the runcases, you simply need to type the file name and the script will run.
You want to run the rundoe first and create all your case files and then run the runcases to execute FLOPS. Just a
reminder, your baseline file is called opt baseline in the first rundoe script and base in the second. Make sure you have

the baseline file and the doe.table file in the directory that you are running the script.

M. Kirby
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Now, you will need to extract the metric data for each case. To do so, you will use the parse98 program. A
sample file is shown below. I call this file getinfo. You also need to change the mode of the file as you did above.
NOTE, make sure you are parsing the proper info before you run this script. You can check this by executing a given
line at the UNIX command prompt. For example,

parse98 -search "TOGW -read 3 -occurance 1 -offset 0 casel. out

#!/usr/local / bi n/wi shx -f

set Nunber _of _Cases 289
exec touch summary_total
exec rm sumrmary_total

exec touch noi se_summary
exec rm noi se_sunmmary

exec echo " TOGW TOFL LDGFL VAPP ACQ RDTE RPM TAROCC DOC+l " >> summary_t ot al
exec echo " THRUST TOGW K2T K2A K1A W.DG' >> noi se_sunmary
for {set i 1} { $i <= $Nunmber_of _Cases} { incr i 1} {

puts stdout "getting info case$i"”

set togw exec parse98 -search "TOGW -read 3 -occurance 1 -offset 0 case$i.out]
set tofl exec parse98 -search "DFAROFF" -read 3 -occurance 1 -offset 0 case$i.out]
set |dgfl exec parse98 -search "DFARLDG' -read 3 -occurance 1 -offset 0 case$i.out]
set vapp exec parse98 -search " DVAPP" -read 3 -occurance 1 -offset 0 case$i.out]
set acq exec parse98 -search "Final" -read 7 -occurance 1 -offset 0 case$i.out]
set rdte exec parse98 -search "TOTAL RDT&E COST" -read 4 -occurance 1 -offset 0 case$i.out]
set rpm exec parse98 -search "Average Yiel d/ RPM -read 4 -occurance 1 -offset 0 case$i.out]
set taroc exec parse98 -search "Method SubTotal " -read 5 -occurance 1 -offset 0 case$i.out]
set doci exec parse98 -search "Method SubTotal " -read 4 -occurance 1 -offset 0 case$i.out]
set thrust exec parse98 -search "DTHRUST" -read 3 -occurance 1 -offset 0 case$i.out ]
set k2t exec parse98 -search "K2T =" -read 3 -occurance 1 -offset 0 case$i.out ]
set k2a exec parse98 -search "K2A =" -read 3 -occurance 1 -offset 0 case$i.out ]
set kla exec parse98 -search "K1A =" -read 3 -occurance 1 -offset 0 case$i.out ]
set w dg exec parse98 -search "MAXI MUM LANDI NG VEI GHT" -read 4 -occurance 1 -offset O case$i.out ]

exec echo "$i $togw $tofl $ldgfl $vapp $acq $rdte $rpm $taroc $doci " >> sumary_t ot al
exec echo "$i $thrust $togw $k2t $k2a $kla $w dg" >> noi se_summary
}

puts stdout "Parsing is now conpleted!!"

exit

You should get the TOGW value from casel.out. This command is looking for the character string “TOGW”
(- sear ch), for the first time it occurs (- occur ance 1), looking on the same line that parse98 finds “TOGW” (-
of f set 0), getting the 3™ character string on that line (- r ead 3), and will return that value to the screen. Do this
for each metric to make sure you are getting the right values. All of your data will be extracted and put into a file called
summary_total. A sample of one of these files is shown below for the first 12 cases. You need to ftp this back to your
PC and then open in Excel.

TOGW TOFL VAPP FON SLN ACQ RDTE RPM

1 1085486.8 14949 182 114.242 113.234 205.049 16850.698 0.13147
2919266.1 15533 167.5 114.159 110.943 187.345 15240.811 0.11494
3 1020994.9 16734 176.5 115.978 112.341 195.047 15806.297 0.12553
4 937534.3 13356 169.1 109.944 111.32 193.251 16021.355 0.11602
51020319.5 17516 176.4 116.451 112.241 195.275 15820.057 0.12552
6 955509.4 13322 170.7 110.159 111.527 194.7 16143.683 0.1181

7 1028392.3 14247 177.1 112.5 112.526 199.759 16433.2 0.12553

8 860729.5 14323 162 112.585 110.359 181.794 14819.3 0.10916
9951218 14090 170.3 112.972 111.292 193.578 16015.582 0.1176

10 1019691.4 15701 176.4 114.206112.224 194.959 15808.73 0.12532
11 976201.8 15621 172.6 114.724 111.729 192.515 15641.596 0.12062
12 1018651.7 14374 176.3 112.924112.345 198.327 16294.583 0.12447........
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Now, open Excel and go to File, then Open, and then select “List all file types” and find the summary_total
file that you ftp. You will get the following window. You want to open it as a Delimited character file. Select that
option and hit Next >.

Text Import Wizard - Siep 1 of 3

ondovs o)

.

Text Inport Wizard - Step 3 of 3

0 OGH OFL (8]

i L085486.8 14949 |114 242

2 P19266.1 (15532 |114 1G53

3 L020994.9 16734 |115.978

4 [937534.3 113356 |109.944
020319 f f.451

B
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Now select all the data and copy it back to JMP so that you can look at the influence of each design variable
on the metrics (or responses) of interest. Highlight all the data and copy. Open JMP and recreate your DoE. You will
need to add more columns for your data. To do this, go to Cols and then select Add Multiple Columns... and you will
get the following window. The DoE table has one response column entitled “Y”. For the example I am showing here,

there are 8 responses. Hence, we need to add 7 columns “After last Column” and then hit OK.
JMP: Create Columns

Calumi

As you see below, 7 columns were added at the end. You can change the names of the columns just as you did
with the design variables described previously.
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Now, highlight your response columns in JMP (as shown below) and go to Edit and then Paste and you will

see that your response columns fill with the data that you copied from Excel.

Desi

Ooo0008

Throttle Ratio
Clles

X2

X3

X4

X5

X6

Y2

A

tic_root
tic_tiip
Shref

Svref
Hac_scal
¥o1

Yoz
o

Al Rows
Selected
Excluded
Hicidlen

Labeled

128

cooao

v
tic_tilp | Shret | Swret Nac_scal YD1 | YD2 | HW

1 1 1 1 1 1 - -

2 El 1 1 El 1 El 1

3 1 Bl 1 1 Bl Bl Bl

4 Kl Kl 1 Kl Kl Kl 1

5 1 1 Kl 1 1 1 Kl

6 El 1 El El 1 1 1

7 1 El El 1 El 1 El

8 - - - - - 1 1

] El El El El El 1 El
10 1 Kl Kl 1 Kl 1 1
1 Kl 1 Kl Kl 1 1 Kl
12 1 1 El 1 1 1 1
13 - - 1 - - - -
14 1 El 1 1 El El 1
15 Kl 1 1 Kl 1 Kl Kl
15 1 1 1 1 1 Kl 1
17 El El El El 1 El El
18 1 - - 1 1 - 1
13 El 1 El El El El El
20 1 1 Kl 1 Kl Kl 1
Ell Kl Kl 1 Kl 1 1 Kl
22 1 El 1 1 1 1 1
2 - 1 1 - - 1 -
2 1 1 1 1 El 1 1
Fo 1 1 1 1 Bl 1 Bl
2% Kl 1 1 Kl Kl 1 1
27 1 Kl 1 1 1 1 Kl
2 El El 1 El 1 1 1
23 1 1 El 1 El El El
30 Bl 1 Bl Bl Bl Bl 1
31 1 Kl Kl 1 1 Kl Kl
32 Kl Kl Kl Kl 1 Kl 1

Now you need to analyze your data. Go to Analyze and select Fit Model and the following window will pop
up. In the top left corner of the window are your variables. Click on your first variable (Wing_Area) and it will be
highlighted. Then scroll down until you see your last design variable (XW). Hold down the shift key and then click on
the last variable. You want to select the Add button.

4» JMP - Fit Model

@ Pattern
Wing Area

Throttle Ratio
Cldes
K2

—Pick Role Variables-

required
aptional

aptional numetic

optional sumeric
aptinnal

Personality. | Standard Least Squares E‘

ELN

Aca

ROT&E

FRPM

1142423

1132339

205.049

16850.7

043147

1141587

1109432

187.345

1524031

011494

Emphasis: ‘E"ect Leverage =]

1159778

112.3407

195.047

15806.3

012553

r—Canstruct Madel Effect

IR
.
[ o

=}
i

=)
a@
@

2]

-

=
z
=4
T
&

™ Mo Intercept

Ealpns

109.9443

111.32

193251

1602136

01602

1164509

2241

195275

15820 06

012552

1101586

111527

194 7

16143 68

01181

1124987

1125257

1899759

164332

012555

112 5852

110.3588

1681 784

148193

01096

1129721

111 2816

193578

1601558

01176

114 2061

1122236

184 459

15608.73

012532

114 7245

111 7287

182515

15641 6

012062

112.9243

1123446

188.327

16284.58

012447

115.7515

111.8502

184.215

15773.88

012344

113.0415

1121479

197.753

16236.08

012396

1126881

111.7057

195.95

1619662

011931

1154778

1129646

199.227

161349

013011

1159015

111.0003

193.88

15819.28

0121388

1096358

111.7452

195.279

1815751

012755

110.0089

111.3975

197879

16230.42

01244

1161254

11216851

201155

16345.07

043022

108 9042

02737

190 549

1565048

011806

497050 5

114 4345

1108618

193883

15751 B3

012344

995109 5

115 6625

111184

185014

15946 B3

01226

1075199 9

1101784

1123471

201 7687

16450 67

013064

12014367

1179129

114007

212976

1742042

0144

B31267 2

103 2786

1083207

163 665

14471 .55

011154

A74590 2

1113123

110 6697

180 604

15454 0d

01211

1028674 4

1141506

111 467

189.259

16378.1

012554

a77a04

111.4185

1106206

191.391

15527 63

012168

a79629.5

1131082

1106714

195.424

1610612

012103

11086265

1164222

1126775

204 624

843869 5
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Your design variables will then be placed into the previously empty area under “Construct Model Effects”. In

the same manner that you selected your design variables, select your responses and click on the Y button.

4» JMP - Fit Model

—Select Columnz——
OFR

Throttls Ratio
Cldes

X2

—Pick Role Variables-

required
aptional

aptional numetic

optional sumeric
aptinnal

r—Canstruct Madel Effect

Personality. | Standard Least Squares E‘

ELN

Aca

ROT&E

FRPM

1142423

1132339

205.049

16850.7

043147

1141587

1109432

187.345

1524031

011494

Emphasis: ‘E"ect Sereening &)

1159778

112.3407

195.047

15806.3

012553

Wing Area
TR

T

FPR

OFR

Throttle Retio

E Cldes

-

-
.
[ o

=
g
Ea-
s
5 o
5

g

™ Mo Intercept

Ealpns

109.9443

111.32

193251

1602136

01602

1164509

2241

195275

15820 06

012552

1101586

111527

194 7

16143 68

01181

1124987

1125257

1899759

164332

012555

112 5852

110.3588

1681 784

148193

01096

1129721

111 2816

193578

1601558

01176

114 2061

1122236

184 459

15608.73

012532

114 7245

111 7287

182515

15641 6

012062

112.9243

1123446

188.327

16284.58

012447

115.7515

111.8502

184.215

15773.88

012344

113.0415

1121479

197.753

16236.08

012396

1126881

111.7057

195.95

1619662

011931

1154778

1129646

199.227

161349

013011

1159015

111.0003

193.88

15819.28

0121388

1096358

111.7452

195.279

1815751

012755

110.0089

111.3975

197879

16230.42

01244

1161254

11216851

201155

16345.07

043022

108 9042

02737

190 549

1565048

011806

497050 5

114 4345

1108618

193883

15751 B3

012344

995109 5

115 6625

111184

185014

15946 B3

01226

1075199 9

1101784

1123471

201 7687

16450 67

013064

12014367

1179129

114007

212976

1742042

0144

B31267 2

103 2786

1083207

163 665

14471 .55

011154

A74590 2

1113123

110 6697

180 604

15454 0d

01211

1028674 4

1141506

111 467

189.259

16378.1

012554

a77a04

111.4185

1106206

191.391

15527 63

012168

a79629.5

1131082

1106714

195.424

1610612

012103

11086265

1164222

1126775

204 624

843869 5

IMPORTANT: Now,

done that then click the Run Model button. You will need to do this EVERYTIME you analyze your data!!!

< JMP - Fit Model

optionz! numeric
- optional nameric

go under the drop menu for Model Specification and unclick the “Center
Polynomials” option. If this option is enabled a continuous term participating in a crossed term will be centered by its
mean. Thus, your coefficients will not be simple numerical values. So unclick it to avoid difficulties. Once you have

Persaonality: | Siandard Least Squares B|

Emphasis: |E|fect Screening @ )|

—Construct Model E

el |
es ¥

egres
Atribt
™ Mo Intercept

SLM

Ao

ROTAE

FIRPM

114 2423

1132339

205049

168507

013147

1141587

11094352

187 345

15240 81

011434

1158778

112.3407

185.047

158063

012553

109.9443

11132

193.251

1602136

011602

116.4509

112.24

195.275

15820.06

012552

1101586

111.527

1947

16143 B&

01181

1124997

1125257

1899759

16435 2

012553

1125852

1103589

1681 794

148193

010916

1128721

111.2916

193.576

1601555

01176

fiect:

114.2061
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The following window will appear. Your responses will be listed in the order in which you entered them in
the Fit Model window. In the example below, you will see the “Actual by Predicted Plot”. Each of the little dots in this
plot represent one of the 129 cases you ran. If you put your mouse over a dot, JMP will tell you which case it
corresponds to. Also, as you can see below, the dotted red lines correspond to how well you model is being predicted.
The straight red line is indicative of a perfect model fit. The further away the dotted lines are from this “perfect” line
implies that your analysis code is NOT being predicted very well by the model you chose. This large deviation is
expected in a screening test since you are only trying to identify the main contributors to the responses from the use of
a linear DoE. You are not actually trying to fit an RSE to the analysis code. However, if your analysis code was very
linear, then the screening test would probably capture the variability quite well. Remember, the screening test is a

linear model of your responses.
&+ JNIP - Fit Model =] S

[0 ]
e [ [ [ [ [ [ [ 4

[C[O[=]
2
[ 1500000
1400000
+ 1300000
z
H 1200000
% 1100000
o —
1000000
900000+
000 LIPS I S L
800000 1000000 1200000 1400000 .
TOO redicted P 0001 RS0 72 Dots represent a case in the DoE
RMSE=56156
¥ Summary of Fit_|
» Analysis of Variance _|
L -
Vet Term Estimste  Std Error  t Ratio Probsf|
Mac_ Intercept 10556259 4944303 21350 =000
v Wing Area -8550.385 4963579 172 0.0479
o2 TWR 3791557 4963579 764 <0001
o T 11861 24 4963579 233 00186
T FPR 1436477 4963579 -289 00048
TOFL OPR -1408323 4963579 -284 00055
Throftle Ratio 22171336 4963579 045 06560
Cldes 2215682 4963579 -446 =000
&1 Rows %2 936564 4963579 187 00846
Selected X3 2023972 4963579 488 =000
Exeluded X4 479684727 4963579 087 0.3361
Hidden *5 3548.0648 4963579 071 04763 =
Labelled | [4] o

Now, we would like to know which of the 22 variables that we are considering actually contribute the most to
our different responses. We can do this via a Pareto Analysis, which results in a Pareto plot. To view the Pareto plot
for a response, click the little red ¥ by the “Response TOGW” drop menu and the following will appear. Click on the
“Effect Screening” option and then select the “Pareto Plot” option.

i

ﬁ!ﬁﬁ&gg;!;
g
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The Pareto plot shows the individual influence of each design variable on the response with the horizontal
bars, and then the cumulative effect of the variables with the line. As you can see, the T/W and the t/c_tip are the two
primary contributors to the TOGW, while X5 and Throttle Ratio hardly contribute at all. Here is where you can down
select to the top 7, 8, or 11 main contributors and use those to create your RSEs. Do this for each of the responses and
then you can identify which variables contribute to all the responses. For computational purposes, you would like to
select a common set of variables such that you only have to run 1 DoE to capture all of the responses. However, this is

not always possible.
&+ JNIP - Fit Model =] S

(O] %]
Eeed | [ 0 [ | [ H
Rl & screening_test: Fii Least Squares MEE
= 1
v
v[EffectSereening 0 |
~ Parameter Estimate Population |
Original Orthog Coded  Orthog t-Test  Prok=fi|
H 3054 3042 06152 05397
* [Pareto Plotof Transformed Estimates | Pareto plot
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TR

H

3
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tic_root
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i

w2

2
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Individual effect

Cumulative effect

Hov
Threttie Retio
Nac_scal

VD2
Al Rows

Hicclen e =
Labeled | [ [

N O T 1

You may want to copy the Pareto Plots to PowerPoint for presentation purposes. To do so, select the # icon
in the menu bar and then click the bar that says “Pareto Plot of Transformed Estimates” or on the Pareto plot itself and
you will see that the entire section is highlighted as below. Then go to Edit and select Copy and you can paste the

image in any software you like.
&» JMP - Fit Model =3
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e 0 [ [ 4
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Let’s talk a little bit more about how you select the important contributing variables. In particular, based on
the Pareto Principle, 80% of the variability in a response is due to 20% of the variables. So, for TOGW, one might
select the variables that are contained in the box below. However, look at the individual effects of the variables that are
contained in the oval. Each of the variables contribute about the same amount. In fact, their effects could be
indistinguishable. This is where you need to use your engineering knowledge and experience as to which variables to
choose. Since you are doing a screening test, you are only looking at linear effects and some variables may show up as
significant, when in fact they are not. This is also due to the confounding structure of a linear DoE. Please refer to the
JMP Help for more info on this. So, lesson learned...DON’T ARBITRARILY PICK VARIABLES WITHOUT FIRST
UNDERSTANDING WHAT IS HAPPENING.

& JNIP - Fit Model
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The Pareto Plot is a means to visually determine the most significant contributors to a response. However, you
can also determine the important variables numerically. This information is actually provided as part of the fit model
option. Consider the picture below. Without going into the mathematics behind the generation of the number below,
let’s put the definition into something more tangible. Under the Parameter Estimates bar, you see each of the variables
you entered for the main effects of the fit model. Now, look at the two columns entitled “t Ratio” and “Prob>|t|”. The “t
Ratio” column represents the ratio of the estimate to its standard error, or effectively the signal to noise ratio of that
given parameter’s influence to the response. The larger the number, the more influence that parameter estimate has on
the response. You can also determine this by inspection of the “Prob>|t|” value in the next column. As a general rule of
thumb, if this value is less than 0.05, then the parameter estimate significantly influences the response. If you compare
the variables that had a value of less than 0.05 in the picture below to the Pareto plot generated above, you will find
that the variables contained in the box of the Pareto Plot are the same. So, you could identify your significant
contributors either way. But, if you had an enormous set of variables, you would probably want to choose the Pareto
Plot to down select.

€3 JMP - [screening_test: Fit Least Squaves]
File Edit Tables Rows Cok DOE  Analyze Graph Tools Wiew Window Help _|E' il
JJDD“E!@&%@M%?@@«@»|@¢9»+|” e 5
¥ ¥ |east Squares Fit =l
v ~ Response TOGW . . . . . .
Y T T Ratio is effectively a signal to noise ratio.
» Analysis of Variance The higher the value, the more the influence
¥ Parameter Estimates I
Term Estinate St Error  { Ratio bi=ft] .
e S If Prob>|t| is less than 0.05, the parameter
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s m el R significantly influences the response
T 1186124 4963579 2339 00DBse
FPR 1438477 4963.579 -2.89 00046
OPR -14083.23 4963.579 -2.84 00055
Thattle Ratio 22171336 4963579 045 0E6S60
Cldes -22158.92 4963.579 -446 =000
K2 -926864 4963.579 -1.87 00646
K3 -24239.72 4963.579 -4.858 =000
¥4 4796.4727 4963.579 087 03361
H5 3545.0648 4963.579 071 04763
HE 28602654 4963.579 576 =.0001
¥2 -11654.83 4963.579 -2.35 00207
] -5341.735 4963.579 -108 026843
tic_root -15298.86 4963.579 -3.08 00026
thc_tip 44922 56 4963.579 905 =0001
Shret 14856.226 4963.579 2893 00034
Swref 5344.5492 4963.579 168 00857
Nac_scal 14737367 4963.579 030 0767
oM 32138914 4963579 0E5 05187
D2 54927734 4963.579 011 09
WA 3053.5539 4963.579 062 05397
¥ [Effect Tests | =1
Source Mparm DF  Sum of Souares F Ratio  Prob=F
Ready MLIM i
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Another important feature of JMP is the Prediction Profile feature as shown below. This should appear
automatically when you fit your model. If it is not at the bottom of the window, then go to the drop menu at the top
entitled “Least Squares Fit” and enable the drop menu, then select the “Profilers” option and then select the “Profile”
option and scroll back down to the bottom of the window. On the left are the responses you have. Each of the bars is
showing you the influence of a given design variable on the response. You could pick your variables from here, but
when you get down to ones that “look” to have the same influence, the Pareto Plots help you make better decisions.
The dotted vertical red lines will move if you left mouse click and drag. The line that you grab and move will change
the variable setting (value shown in red) and then update the response value for the new variable setting. Play with this

to get a feel for the Profiler.

4 JMP - [screening_test: Fit Least Squares]
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Also with the Profiler, you can change the range of the variables and the responses. In effect, you can zoom in
on a range or zoom out. You do this by putting your mouse over the name of the variable or the response, hold down
the “Ctr]” button and then left mouse click. And the window below will come up for a response and the window below

that will come up for an input variable.

JMPF: Specify New Range for TOGW.

1466829.6
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That’s pretty much it for the Screening test. For the variables that do not really contribute to the responses,
you can set them at a value that minimizes or maximizes your responses. Although the impact is minimal, might as
well help yourself as much as possible. Now you are ready for RSEs!!! Note, to avoid having to run a DoE for EACH
metric, try to come up with a set of common variables that capture ALL metrics.

Creating Response Surface Equations

Once you have down-selected your variables to something more manageable, you are ready to create your
RSE for your metrics or responses. These are calculated using the following equation:

k k =1k
_ 2
R=b,+) bk +> bk>+> > bkk,
i1 i=1 i=1 j=i+]
where b; are regression coefficients for linear terms, by are coefficients for pure quadratic terms, b;; are coefficients for
cross-product terms (second order interactions), and x;, x; are the design variables and x;x; denotes interactions between

two design variables.

You will go through most of the same steps as you did with the Screening test. The only differences will be with the
type of DoE and the method for analyzing the data. So, let me describe those aspects and you can refer to the previous
section for the other stuff.

Let’s say that we identified 7 variables that contribute to the responses of interest. Go back to JMP and go to
the JMP Starter and click the DOE tab. Now click the Response Surface Design tab.

£+ JMP - JMP Starter

JMP Starter

Fie || Basic Stats | [ Modeing | [ Mutivariste || Survival | [ Graghs || ac || 0ok | Tables | [index |

Experimental Design. Define factors and design atable of experimental runs.

— Create & design talared ta meet specific requirements
_ Sift thraugh many factars to find the few that have the most effect

_ Find the best response allowing quadratic effects (curvature).
_ Generate all possible combinations of the specified factor settings.

Iﬁ' — Make inner and outer arrays from signal and noise factors.
_ Optimize & recipe for & midure of seversl ingredients
. _ Addl more runs 10 an existing data table. Replicats, add centerpoints, fold

over o acd model terms

a _ Plat any two of the power to detect an effect, the sample size, and the
effect size giventhe third. Or compute one given the other twa.

The following window will come up. As you did when you were creating the DoE for the screening test, add
the number of variables and input the real names and values if you like. Say we have 7 variables, since the window
already provides 2 variables, I just need to add 5. Then press Continue.
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< JMP - JMP Starier

Cortinuous

Role

Continuous

Continuous

Response Surface Design

Specity Factor
’gpecfy desired numker of factors. Double click on & factor name or setting
to et it

oints, fold

srni the

The following will come up. You will then get a bunch of DoE options as shown below. Typically, more runs
are better since you have more data for the regression. So, let’s pick the Central Composite Design (CCD) with 144
cases and 2 center points. Then hit Continue.

Rale

=R
Bx2
B X3
[ xa
x5

Continuous

Continuous

Continuous

Continuous

Cantinuous

7 Factors
—Choose & Design

Response Surface Design

Mumber Black Center
Of Runs Size  Points  Design Type

Box-Behnken

= e e e e e e

Central Composite Design
CCD-Orhogonal Blocks
CCO-Uniform Precision
CCD-Orthogonal Blocks

CCO-Uniform Precision
CCD-Orhogonal Blocks

oirts, fold

and the

The window below will then open up. Note, the number of center points is there for when you are doing
experiments that have noise, such as variations in a control environment. Since we are running computer simulations,
the experiment is 100% repeatable and we will only need 1 center point. So, in the cell where the number of center
points is defined as 2, change that to a 1. Also, if the “On Face” option is not selected for the design you chose, please
select it. The reason for this is beyond the scope of this tutorial, but trust me, just select it. Again, change the Run
Order to “Keep the Same” option as you did before. Then hit Make Table.
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Role

Yalues

® Continuous
X2 Continuaus
X3 Continuous
X4 Continuaus
X5 Continuous

1
-1
-1
1
1

Response Surtace Design
7 Factors

Central Composite
—Dizplay and Modity Design

Axial Value:
€ Rotstable
 Orthogons!
&+ On Face
" User Specified
™ Inseribe
Output Options

I
I
:
f
i
J
i
1

Make JMP Table from design plus:

MNurmber of Certer Points

Replicates | o

Run Orcler M

oints, fold

and the:

Your DoE table will open up. As shown below. Now, go through the same procedure that you did for the
screening test.

NNk L=

copying your table to Excel,
convert to real numbers,
saving as doe.table,

ftp to your UNIX account,

modify your shell scripts for the new number of cases and variable names,

switch out variables, and
parse your data.

Bring the results back to Excel and import over to JMP. Now the difference is how you analyze the data.

&» JMP - Ceniral Composite

Design  Certral Composite)

# Wodel

Pattern =

x1

W2

X3

4

X5

X&

X7

w

= e e = e e e ]
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The example that I have shown you thus far was for an HSCT aircraft concept. When I performed the
screening test, I discovered that 16 variables were required to define the RSE. Within JMP, only an 8 variable RSE can
be created. However, there are custom designs created by Dr. Oliver Bandte that can handle up to 16 variables. These
designs are face-centered CCDs with a Resolution IV fractional factorial design. These custom DoEs allow for
estimates of all main effects as well as all interactions between main effects. This is called a Resolution IV DoE. Then,
the fractional factorial designs were merged with a center point in the hyper-cube and a set of face-centered axial
points to form the higher than 8 variable CCDs. Regardless, the process to fit the data is the same and I will show you
the one for the 16 variable. So, we open up the 16 variable design (which required 289 runs) and insert more columns
for our 8 responses and then paste the data from our analysis code.

& IMP - [HSCT_feasibility_RSE] Z =& x]
File Edt Tables Rows Cols DOE Analyze Graph Took - View Window Help 7] x|
HE DELHE & 2R ““K‘? G B My SRt “J [ T feasibiity_rsE j|
¥ HSCT_feasibiity_ L& v =
v Fatern Wing_Arsa | TAM | TT | FPR | OPR |Cldesign | X2 | X3 | ¥4 | X5 | %6 | ¥2 |tic_root tictip HT_ref vT_ret | TOGW |TOFL | Vapp | FlyOver Sideline | Acy§

E1 D Al A 1 1 1 1 1 - - 1 1| 10409396 | 18031 | 178.2 | 117.2506055 | 1126520525 | 226.72¢

- A A 4] 4] 4 EE 1 1 1| A 1 1 1 1 1| 9317363 | 16025 | 1739 | 1153133015 | 1119433989 | 216468
Columns (25/0)

Sl E i 1 1 1 1 a4 =i =i =i 1| 9598336 | 14334 | 1738 | 111406949 | 112007792 | 22395
[B) (el E1 D i 1 1 1 1 1 4 1 1 A 1| 10012164 | 15976 | 1743 | 114.4137863 | 1120477577 | 218162
© Wing_srea
o W B I 1 4 1 1 A 1 1 1 1 K 1| 10386164 | 16181 | 178 | 1155574668 | 1125664653 | 222.02¢
e Bl 1 4 1 1 a4 1 i i i 1| 8849501 | 13834 | 1643 | 11206856837 | 110584171 | 210871
o FPR S E 1 1 1 1 A a4 1 1 1 1| 9973382 | 13817 | 1744 | 1121367354 | 112068204 | 2205
OFR ElEl I 1 1 1 1 4 1 4 =i =i 1 1| 9449555 | 16264 | 168.0 | 1144835931 | 111.3965357 | 216.37¢
© CLdesign Il EI 1 HE 1 1 4 1 4 Kl 1 1 1 11167524 | 17288 | 1846 | 1154729384 | 11373363 | 23281
2 ElEI 1 HE 1 1 A a4 1 1 1 1| 905814914302 | 1662 | 111.9125598 | 110.7956309 | 211067
@i El N 1 - 1) 4 I 1 - 1 - A1 1002340.2 | 14661 | 1743 | 1144514105 | 1120723956 | 22231
& Il EI 1 i 1 1 1 A 1 1 1 Kl Kl 1| 9337117 | 15766 | 168.8 | 1158440086 | 1113592686 | 211.95¢
ig ElEI 1 1 4 1 1 1 1 4 1 1 1 1| 926209.4 | 14642 | 1881 | 111.4075603 | 111.0810536 | 212.44€
o vz El N 1 1 4 1 1 1 Al 4 - 1 - 1| 9178663 | 14002 | 167.3 | 111.5836366 | 110.9453936 | 213.200
O tie_roct ] p—— ElEIEI 1 1 1 1 1 1| A 1 1 K 1 1| 8315924 | 13688 | 164.9 | 1105805303 | 110.6188206 | 210251
@ tio_tip A a] a4 1 1 1 1 1 1 1 1 =i 1 1 1| 957376515816 | 1736 | 1155153615 | 111.8997605 | 219112
HT_ref El 1 4 Al 4 1] 4 1 1 4 1 A A 1| 9554273 | 15031 | 1707 | 112479814 | 111.4484707 | 214.99¢
VT _ret ] 1| A EE 1| A 1 EE K 1 K 1| 9674544 | 14707 | 1718 | 1125106025 | 1116077833 | 217445
ey 4] 4| 4 1 4 i 1 1 4 1 4 1 1 i 1 1| 931240413940 | 168.5 | 1113167338 | 111.1367704 | 213.38¢
0 TorL 1l 1 4 i 1 1 4 1 1 1 1 1 1 1| 10156497 | 17337 | 176 | 116.9870761 | 112.3270218 | 221.13¢
Y3 Al al 1l 1l 4 Al 104 A 1 1 11 1080174 | 16762 | 181.5 1143624053 [ 1132144481 | 22858

Now, let’s create the RSEs! Consider the example JMP file below. There are 8 responses and 16 design
variables. Again, go to Analyze and Fit Model. Highlight your variables and instead of clicking the Add button as you
did for the screening test, you want to click Macros ». A drop menu will appear. Select the Response Surface option.
The white area under the “Construct Model Effects” will fill out with the coefficients for a second order RSE that JMP
will be solving for in the regression. Then, select your responses and put them in the Y area again. DON’T FORGET
TO UNSELECT THE CENTER POLYNOMIALS OPTION UNDER MODEL SPECIFICATION!

&» VP - Fit Model

lBEncEa B P+ || [HsoT pshliy RsE |

I [=] B

BEE Tl

it Model I
—Pick Role Varlables: E—— ,:
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m

|l il e Coc ] ==l P KNl KN

X3 | x4 | H5 | ME | V3

S

the_roat |tic tip | HT_ret

aptional

- aptional numeic -
- aplional sumeric

—Construct Mackel Effect

TOFL.
W

EEEEEEEEEEEEEEEEEEEE R R .

Sidleling
Acg §

Al Rows =
Selected
Excluded
Hiciclzn
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One thing before you proceed: in the “Construct Model Effects”, you have your “to be determined”
coefficients. Highlight all of the main effect variables that have the symbol “&RS” by them. Then click the Attributes
drop menu and unselect the “Response Surface Effect”. The reason for this is that JMP only likes to have 8 variables
and just gives you a warning when you fit the model. Doing what you just did suppresses the annoying little error. This

does not affect the fit of the model at all. Once iou have done this then hit Run Model.
JAIP - Fit Model ’_’_’_

o ~3

I—"HFHL_—H—HEHTHFHW

Fit Model

elect Columns——

OFR
CLoesign
%2

*3

He

%5

HE

¥2

@ tic_roat
B tic_tip
HT_ref
WT_ref
TOGHY
TOFL
Wapp
FlyOver
Sideline
Acq §
ROT&E
FRPM

—Pick Role Yariables

| [BSCT sy 5E ]
01

EEE T

H[=1E3

Personalty” | Stancard Least Squares El\

Emphasis: | Effect Sereening )|

tic_root

tic_tip

wtanarmrer || R
apbional nieric -
options!

All Rows
Selscted
Excluded
Hiddlen

Oh, this is the little error window you would get if you didn’t de-select the Attributes.

JAP - Ervor Alert

%
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When JMP is finished fitting the model, similar windows will pop up as they did in the screening test. I want
you to note some differences here. Look at the error bars (the dotted red lines) around the perfect model fit and
compare those to the ones you saw in the screening test earlier. Note the HUGE spread. One would think that the
original linear fit was better, but look at the 4 cases that are on the bottom. These cases actually did not converge in the
analysis program. The particular combination of variable settings inhibited the program from converging. Thus, the
values of “0” for each of the responses will mess up the model. There are a couple of solutions. First, go back to the
DoE table and determine which variables might be affecting the failure. You do this by looking at the rows before and
after the failed case and determine which combination of the variable settings is causing the program to fail. Then, you
can modify the ranges and re-execute another DoE if there are too many failed cases. Another option is at your
disposal, ONLY IF YOU HAVE A FEW FAILED CASES. Maybe a good rule of thumb is that you can exclude only
2-3% of the total cases you executed before you should modify the ranges or the DoE that you ran. For 289 cases
considered herein, I am going to “Exclude” these 4 failed cases from the model and allow a regression on the
remaining 285 cases.

€» JMP - [HSCT_feasihility RSE: Fit Least Squares]

Fil: Edit Tahls BRows Cols DOE  Analyze GCraph Took View Window Help =& x|
E HECT_feasihility RSE B
BOEES - BEE (|28 My P L+ X v |
%/ ¥ Least Squares Fit ill
v Response TOGW I
¥ Actual by Predicted Plot |
moo00n— — — — g
g | —
z ]
4]
g ]
2 ]
T T T T T T T T T T T 17T .
0 200000 500000 8000001100000 \ These cases could not converge in the
TOGH Predicted P= 0001 RSg=0.72 . .
RMSE=115253 analysis tool and resulted in a value of
» Summary of Fit | “0” for the TOGW
¥ Analysis of Variance
¥ Parameter Estimates
Term Estimate  Stod Error  t Ratio  Probsft]
Intercept 97415555 2154741 4521 =0001
Wing_Area 574905 7237955 356 0.0005
Ty 57320843 7237855 792 =0001
I 34645442 7237955 479 =0001
FFR 23EE201 7237955 327 00014
OFR 3173985 7237955 433 =000
CLdesign 1841342 7237955 254 00121
%2 §24.7 7237855 009 09313
3 2620257 7237055 362 0.0004
4 OFE7.305 72378955 135 04794 o
P — e e o , 5
Feady MUk o

If you look at the Residual Plot below you can see that there is a clumping of responses. Also, the Y-axis
scale is one-third the size of the X-axis. This implies very large residuals and a poor fit. The Y-axis should be lass then
one tenth of the X-axis for residuals to be considered reasonable. It is important to examine the scale as well as the

shape.
¥ Residual by Predicted Plot |

200000+
100000~

Tg -
s 0 —— — %
2 ]

2 300000

-400000

500000 T T T T T T T T T T

0 200000 500000 50000014 00000
TOGW Predicted
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To do this, put your mouse over one of the four dots in the “Actual by Predicted Plot” above and left mouse
click one of them. You will see that the little dot gets bigger. Then hold down the shift key and click another, and
another and another. Now, right mouse click and the window below will pop up. Select the Row Colors option and
then pick one of the colors, say red. You will see that the 4 dots that you selected are now red.

1000000 -1

3
z
&
2

Term
Intercept
Wing_Area
iy

T

FFR

QPR
CLesign

-15413.42
X2 G247
X3 -26202.57
x4 -0767 305

7237955 254
7237 955 009
7237955 362
7237955 135

Go back to the DoE table window and scroll down until you find the highlighted rows that have little red dots

beside them as shown below.

& JMP - [HSCT_feasibility_RSE]

tic_root |tic_tip TOGW™ TOFL FlyOver Sideline Ao RDTZE FRPM

1 -1 -1 -1 -1 110316297 | 14497 | 161.9 | 1132771619 | 112895378 | 226,664 | 16850622 | 013315

1 1 1 1 1 110989016 | 14326 | 167.1 | 113.5793493 | 113 6765466 | 233.103 | 17001876 | 014008

=i 1 -1 -1 1 1| 9720709 | 13621 | 157.3 | 112.9325279 | 1124176371 | 224.456 | 16600.507 | 012705
xﬂe’l -1 -1 -1 -1 1 -1 1015513.3 | 12364 | 1607 | 1106349304 | 1127621675 | 231145 | 1720587 | 013122
Z]
: ng- e e 1 1 1 1 0 0 0 0 0 0 0 0
@i 1 1 -1 -1 -1 110125895 | 12953 | 160.4 | 1137000925 | 1126432334 | 227.842 | 16810.736 | 013135
B FPR -1 1 1 1 -1 -1 10117331 | 12961 | 1604 | 114.3369267 | 1126572278 | 224.016 | 16352651 | 013167
B OFR -1 -1 -1 -1 1 1| 1030714 | 12724 | 181.9 | 111.3157002 | 1129453026 | 234.083 | 1749759 | 013233
[ CLdesign 1 -1 1 1 1 -1 1100713.6 | 15903 | 167.3 | 1155701305 | 113.586313 | 233.052 | 16952441 | 014083
B X2 1 1 -1 -1 -1 -1 | 1016503.3 | 13652 | 160.8 | 114.7820215 | 1127407087 | 228.955 16963.633 013143
=R -1 1 1 1 -1 110141391 | 13039 | 160.5 | 1146336845 | 1127029914 | 224.7558 | 16455.057 | 013187
i; -1 -1 1 1 -1 1| 10451675 | 12990 163 | 111.2055895 | 1131796655 | 229.547 | 16867.126 | 0.13437
[&
& ¥6 1 -1 -1 -1 -1 1| 9522933 | 13410 1558 | 112.2804937 | 1118421244 | 221.757 16395646 01244
@ 2 1 1 1 1 1 1| 10731269 | 13848 | 185.2 | 113.1691883 | 113.5000515 | 230.859  16890.87¢4 | 013784
@ tiz_ront =i 1 B -1 1 1| 922861 |12122 | 1532 | 111.257918 | 1114555014 | 220222 | 16351248 | 012148
tic_tip -1 1 -1 1 1 B 0 0 0 0 0 0 0 0
[ HT _ref 1 1 1 -1 1 110320918 | 15116 162 | 116.317786 | 1130457474 | 226,831 | 16805.564 | 0.13349
T _ref 1 El El 1 -1 1 1] 1] 0 1] 1] 1] 1] 1]
@ Tosw -1 -1 1 -1 -1 1| 8795074 | 12808 | 157.8 | 1116298005 | 1121585052 | 222.872 16405512 | 012785
LOFL -1 1 1 -1 -1 1| 982756.3 | 12390 1581 | 1127121573 | 1122343601 | 223.367 | 1646195  0.12509
| app

1 1 -1 1 -1 1 0 0 0 0 0 0 0 0
FlyOver
@ Sideline 1 -1 1 -1 1 110480492 | 13642 | 163.2 | 1128435762 | 1131374902 | 230.599 | 16890776 | 0.13489

-1 -1 -1 1 1 1| 1070385.2 | 13773 165 | 114.0845883 | 113 4415677 | 233.236 | 17219.265 | 013733

-1 -1 -1 1 -1 -1 | 1083544 6 | 12677 166 | 1100853345 | 1128679296 | 23595 | 17507.761 | 0.13809
Al Rowes 162 - 1 -1 1 -1 -1 1| 9929574 | 13352 | 1589 | 111.5741368 | 1114684904 | 22073 16307.252 | 0.12908
Selected 163 -1 1 1 -1 1 1 1 1150340 | 14325 171 | 1137795818 | 113.7976245 | 240,487 | 17897686 | 0.14515
Excluded 164 1 -1 1 1 -1 1 1| 9237536 | 12358 | 153.2 | 1107643764 | 1105544959 | 217.021 | 1596355 012182
Hiclden 165 1 -1 -1 1 -1 1 41| 9528143 | 11975 1556 | 1075655307 | 1109541134 | 221.842 | 1638497 | 01244
Lahelled
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We want to exclude these 4 cases from the analysis, so, go under Rows and select the “Exclude/Unexclude”

option.

£ JMP - [HSCT_feasibility

Al Raws
Selected
Excluded
Hidden

Labelled

Siteling

289

4
[i]
a
[i]

RSE]

HT_ref |%T_ref | TOGW | TOFL FlyOver Sideline ikl RDTSE $/RPM
-1 -1 -1 110316297 | 14497 1619 | 1132771819 | 112895378 | 228664 | 16850622 | 013315
1 1 1 110989018 | 14326 | 1671 | 1135783493 | 1138765466 | 233103 | 17001678 | 0.14086
-1 -1 1 1| G720709 | 13621 | 1573 | 1128325279 | 1124176371 | 224 466 | 16600507 | 0.12705
-1 -1 1 1| 10155133 | 12364 | 1607 | 1106399304 | 1127621675 | 231145 | 1720567 | 013122
1 1 1 1 0 ] 0 0 0 0 0 ]
-1 -1 -1 4 1012569.5 | 12953 1604 | 1137000925 | 1126432334 | 227842 | 16840738 | 013135
1 1 - -1 | 10117331 | 12961 | 1604 | 1143369267 | 1126572278 | 224016 | 16352651 | 013167
-1 -1 1 1| 1030714 | 12724 1619 1113157002 | 1129433026 | 234083 | 1749769 | 013233
1 1 1 <1 | 11007136 | 15903 | 1673 | 1155701305 | 113.686313 | 233062 | 16982441 | 0.14093
-1 -1 - -1 | 10185033 | 13652 | 1608 | 1147820218 | 1127407067 | 228955 | 16963633 | 0.13143
1 1 A 410141394 | 13039 1606 | 1146336848 | 1127020914 | 224758 | 16496057 | 013167
1 1 - 110451675 12090 | 183 | 111.2088895 | 1131796658 | 220547 | 16867123 | 0.13437
-1 -1 -1 A1 9522033 (13410 1556 | 1122004937 | 1118421244 | 221757 16395648 | 01244
1 1 1 -1 | 10731268 | 13648 | 1652 | 1131691663 | 1135000515 | 230.958 | 16890674 | 0.13764
-1 -1 1 1| 9228R1 12122 1532 | 111237918 | 1114555014 | 220222 | 16351248 | 012148
i 1 1 = 0 ] 0 0 0 0 0 ]
1 -1 1 110320918 15116 | 182 | 118317786 | 1130487474 | 226831 | 16608564 | 0.13349
- 1 A 1 0 a 0 0 0 0 0 a
1 i - 1| 8795074 | 12808 | 1573 | 1116298006 | 1121838052 | 222572 | 16405512 | 0.12785
1 -1 -1 A1 9827563 12330 1584 | M27121573 | 1122343601 | 223367 | 16461.95 | 012603
i 1 - 1 0 ] 0 0 0 0 0 ]
1 -1 1 110480492 | 13642 | 1632 | 1128435762 | 1131374902 | 230599 | 16990775 | 0.13469
i -1 i i 1 1 -1 | 10703852 | 13773 | 165 | 114.0848883 | 1134415677 | 233236 | 17219265 | 0.13733
i 1 i i 1 - -1 | 10838446 | 12677 | 186 | 1100833345 | 11286792095 | 23596 | 17507761 | 0.13809
162 -1 1 -1 1 -1 -1 1| 9920574 | 13352 1564 | 1115741368 | 1114684904 | 22273 | 16307262 | 012908
1683 1 1 i 1 1 1| 115034014325 | 171 | 1137795818 | 1137976245 | 240487 | 17697 683 | 0.14515
164 -1 -1 1 1 -1 1 -1 9237536 12358 1532 | 1107643764 | 1105044950 | 247021 | 1596355 | 012192
952614.3 | 11975 107 5855307 | 1108541134 | 221842 | 16364.97 | 01244

JMP will add @ by each row. This means that these rows will be excluded from the model. You will lose
some degrees of freedom, but if you only eliminate a few cases, you should be ok. Please look at any DoE or Response
Surface book or the JMP Help menu for more information about degrees of freedom. Now go through the same
process as above regarding fitting the model.

ClLdesign
¥2

FlyCreer
Sidelineg

All Reves
Selected
Excluded
Hiciden

Labelled

tic_root |tic_tip [HT_ret  WT_ref | TOGWW TOFL | “app FlyQver Sideling 2oy B RDTEE JRPM

1 1 -1 -1 -1 -1 110316287 14487 | 1618 1132771818 112885378 | 228664 | 16850622 013315

1 1 1 1 1 1 1| 10853016 | 14326 | 1671 | 1135793483 | 1136765466 | 233103 | 17001 876 | 014088

1 -1 1 -1 -1 1 -1 | 97297049 | 13621 | 1573 | 1129325279 | 1121176371 | 224 466 | 16600507 | 012705

-1 -1 -1 -1 -1 1 -1 10155133 12364 | 1607 | 11065349304 1127621675 | 231145 | 1720587 Da3122

-1 1 -1 1 1 1 1 o a a o o a o o

-1 1 1 -1 -1 -1 110125695 | 12853 | 1604 | 1137000825 | 1126432334 | 227,842 | 16810736 | 013135

-1 -1 1 1 1 -1 <1 [ 1011733 | 12961 | 1604 | 1143369267 | 1126572278 | 224,016 | 16352651 | 013167

- -1 - -1 -1 1 1 1030714 | 12724 | 1619 | 111 3157002 | 1129453026 | 234,083 | 1749769 | 013233

-1 1 -1 1 1 1 -1 11007136 15803 | 1673 | 1155701305 | 113886313 | 233082 | 16882441 | 014083

147 -1 1 1 -1 -1 -1 -1 10165033 13652 | 1608 | 114 7820218 1127407067 | 228855 | 16863633 | 013143

-1 -1 1 1 1 -1 110141391 | 13039 | 1606 | 114 6336848 | 1127029914 | 224 755 | 16458.057 | 013167

1 -1 - 1 1 -1 1| 10451675 | 12990 163 | 111.2085395 | 1131796655 | 220547 | 16867125 | 013437

1 1 -1 -1 -1 -1 -1 9522933 13410 1556 | 1122804937 | 1118421244 | 221757 | 16395648 01244

1 1 1 1 1 1 -1 10731268 13848 | 1652 | 1131681683 | 113.5000515 | 230858 | 16630874 | 013764

1 -1 1 -1 -1 1 1 922861 12122 | 1532 111237918 | 111.4555014 | 220,222 | 16351246 | 012148

1 -1 1 -1 1 1 -1 ) a a ) 0 a ) [1}

1 1 1 1 -1 1 1]10320919 15116 162 | 116317786 1130487474 | 226831 | 16608 564 | 013349

1 1 -1 -1 1 -1 1 o a a o o a o o

1 -1 -1 1 -1 -1 -1 | 9795074 | 12906 | 1575 | 1116296006 | 1121866052 | 222572 | 16405512 | 012785

-1 -1 1 1 -1 -1 -1 | 9827563 | 12390 | 1581 | 1127121573 | 1122343601 | 223367 | 1646195 | 012809

-1 1 1 -1 1 -1 1 o a a o 0 a o 1)

-1 1 -1 1 -1 1 1|10480482 13642 | 1632 1128438762 1131374802 | 230588 | 16880778 | 013468

160 -1 -1 -1 -1 1 1 -1 [ 1070385.2 | 13773 165 | 1140645863 | 1134415677 | 233.236 | 17219265 | 013733

161 -1 -1 -1 -1 1 -1 -1 | 10835344 6 | 12677 166 | 110.0583345 | 1128679206 | 235.96 | 17507.761 | 013809

289 162 - 1 - 1 -1 -1 1| 9929574 | 13352 | 1550|111 5741365 | 111.4684004 | 22273 | 16307.282 | 012008

4 163 -1 1 1 -1 1 1 1 1150340 | 14325 171 | M3 7785818 1137876245 | 240487 | 17697 B85 | 014515

4 164 -1 -1 1 1 -1 1 -1 | 9237536 | 12356 | 153.2 | 1107643764 | 1105844858 | 217.021 | 1596355 | 012192

o 165 1 -1 - 1 -1 1 -1 | 9528143 | 11975 | 1555 | 1075655307 | 1109541134 | 221542 | 1638497 | 0.1244
a
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Now when we get our new window that has the “Actual by Predicted”, look at the significant difference in the
error bars. They are much tighter! For a good “Actual by Predicted”, you want to have each of the dots (or cases) to be
as close to the diagonal line as possible. The diagonal represents the perfect fit. AS the dots (or cases) move away from
the diagonal, the error in the prediction increases. The red dashed lines around the diagonal represent the 95%
confidence intervals of the prediction and the blue horizontal dashed line represents the mean of the response. If by
chance the blue dashed line falls inside the red dashed lines, you have a VERY bad fit.

For another check of you model, go to the little red ¥ by the “Response TOGW” drop menu and click on
Row Diagnostics and then select “Plot Residual by Predicted” option as shown below.
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Then scroll down until you see the Residual plot. This plot is also called a “scatter plot”. The residual is the
error in the fitted model and is the difference between the actual value of each observation and the value predicted by
the fitted model. You typically want a nice random shotgun scatter of your error with a very small magnitude on the
vertical scale with respect to the predicted values. The example below isn’t too bad. There are only a few points at the
top that stand out as having high error. For only a few cases like this, you could simply exclude those from your model
and refit. However, you should look at the particular cases and try to determine if there is a pattern of variable
combinations that are inducing an error. If so, you might want to investigate your analysis code to determine if there is
a modeling problem.

Also, if there is a pattern to the residual (i.e., looks like a smiley face or a sine wave), a couple of things may
be going on: 1) you may need a transformation of your dependent variables to get a random gunshot, or 2) you may
need higher order effects of your model.

IMP - [HSCT_feasibility_RSE- Fit Least Squares]

|IBE0DSES & e &
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There are two ways to select the dots on the Residual plot. The first is to simply click on each dot
individually. Another is to go up on the top menu and select the little lasso icon. Then draw a circle around the cases
that are outliers by holding down the left mouse button and drawing the circle to “lasso the cases”! Then you can
highlight them as you did before and identify the cases from the DoE table. For this example, excluding the 4 cases
above helped the fit sufficiently that we can proceed.

# JMP - [HSLT

4 _|
File Edit Tables Rows Cols DOE  Analyze Graph  Tools - Wiew Window Help

- 101
18] ]

JJ DEEHS & 2R E |JJ L ? b @ *@*N”’}Jr,?}’ + |JJ [ HseT_feasibiity_rse

=l

¥ v | east Squares Fit

v Response TOGW

¥ Actual by Predicted Plot
|

4 Summary of Fit |

4 Analysis of Variance |

P Parameter Estimates |

P Effect Tests |

¥ Residual by Predicted Plot

30000
200004
10000

o

TOGY Residual

-o00a- "

-20000

| SRR SNSRI KR AR S S CNES RS B
200000 1100000 1300000 1500000
TOGYY Predicted

P Effect Details_|

¥ Scaled Estimates

Term
Intercept
Whing_Ares
T

TIT

cro

4

Cortinuous factors centered by mean, scaled by ranges2

Scaled Estimate
97336217
-9721 435
41301514
18902 434

AEE2 A4

St Errar

7065062

coo Ta0n

1 Ratio
491 .94
-13.75
5872
2674

an A

Prokb={]
=.0001
=.0001
=.0001
=.0001

- AN

S paints selected

Select the lasso

&1
v 7

-
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There is an assumption that a second order model will fit the data and that the higher order terms clump into
an error term with normal distribution. The foundation for this is that you are fitting a model based on a Taylor Series
expansion. For a second order model, you assume that all higher order effects are negligible and can be lumped into an
error term. For this assumption to be valid, that error term usually needs to be a standard normal distribution with a
mean of 0 and a standard deviation of 1. Checking this error distribution is a good way of determining if you have a
good fit with the RSE. If the distribution is not normal, it implies that the model you fit is not good, you may have bad
cases or you may need a transformation of inclusion of higher order effects. To find the percent error and the error
dsitribution, you must save the predicted formulas. Under the little red ¥ by Response TOGW, select Save Columns,
then Prediction Formula. This will add a row to your DoE table called “Pred Formula TOGW”.

< IMP - [HSCT_pred_formula: Least Squares] =8 x|
File Edit Tables Rows Cols DOE Analyze Graph Tools - View ‘window Help =& x|

|pDEEa s =@ |
[v2 @84 @mse s+
|| [Fser ored_fomuas v‘

+ ~ Least Squares Fit =]
¥~ Resonnse TOG! &
Estimates » ed Plot I
Effect Screening ¥
Factor Profilng — »
Row Diagnostics  »
5 Calurins » la
Seript 3 Predicted Values
Residuals
Mean Confidence Interval
Indiv Confidence Interval
Studentized Residuals
Hats
Q00000 Std Error of Predicted
ooy St ENor of Residusl
Fagsee St Err of Inchidusl
Effect Leverage Pairs
» Summary of Fit  Cook's D Influence
P Analysis of Vari__ StErr Pred Formula
¥ Parameter Estimates
Term Estimats  Std Error  tRatio Probsft|
Intercept 873060 37 1878563 48180 <0001
Wing_Area -8888317 6780922 -1308 <0001
Ty 40448107 6760922 5865 <0001
T 177B4706 6750922 2620 =000
FPR -1527365 6778185 -2253 <000
OPR -1485025 6780922 -2191 =000
Cldesign -1853052 B77072 2757 <0001
w2 -TT08458 6752383 -11.41 <0001
X3 -2631867  B77O072 3887 <0001
e -1378.944 &77T8185 203 00439
XS -3382712  B77TO07Z 500 <0001
KE 27971732 6764282 4135 <0001
w2 JEILETTY GTILH 054 05904
tic_root -160B0 39 &778185 -2363 <0001
tic_tip 4260861 6750922 6284 <000
HT _ref 12793314 6748133 1896 <0001
WT_ret 37132005 6764262 549 =000
Wing_Areating_Area 12911 458 7309998 177 00797
Tiing_Area -2369564 GE08405 -34.80 <0001
TiAETA 19255758 7309998 263 00034
TITWing_Area -1129001 5808405 1656 <0001
TIT*TAY 14086833 6308405 2066 <0001
TIT=TIT 26208.358 7309995 359 00005
FPR#M4ing_Area B48E 0775 6805637 953 =000
FRR*TMV -9279638 6805637 1364 <0001
FPR=TIT -1MS5718 6805637 14892 <000
FPR*FPR -5739.292 7309.985 079 04338
OPR™Ming_Ares 5114 9037 6308405 751 =00 =
T— T WS | -
The actual fitted Formula is skored in the column, This may be a large Formula For madels with crossed categorical terms. [ mom[

Repeat this for every response so your data table looks like this:

2 IMP - [HSCT_pred_formulas] =10l

Fle Edt Tables Rows Cols DOE Analyze Graph Tools Wiew Window Help =@ x|
IBEDEES & @
HW?:&-EI«}»H‘”)&PP+‘

' HSCT_pred_formulas: I + - =i
- £cq¥ | RDTRE | SRPM | Fred Formula TOGW | Fred Formuls TOFL | Pred Formula Vapp | Pred Formula FlyOver | Fred Formula Sicelne | Pred Formula Acq § | Pred Formula ROTZE | Pred Formula SRPM J
226726 | 16533.367 | 0.13428 1037671 55 17848.3842 177 505498 116.959208 112660097 226.311096 16515631 013393736
T ——— 2|18469 | 1576652 | 012851 296543756 161404218 174.255458 115303305 112.041214 219.074576 158115169 0.13004075
3 | 223956 | 16516.908 | 0.12863 260010778 143563112 172931356 111212588 111 845588 223.204892 16454.9813 012767383
) GEiTim = 4| 218185 | 15703406 | 043121 298637167 15835 6667 174 516209 1431219 12012317 217 855532 15681 6419 013084278
':ﬁNTfE’A'EE 5|222026 | 15991163 | 04346 1037256.73 16267.6524 177760856 115520774 112551681 221742929 15370109 013466993
i 6 | 210871 | 15398167 | 01181 872775.002 13767 5301 163457751 112624643 110391544 208.756071 15326.2343 011676785
FPR L 7| 22088 | 16032323 | 0.13042 996120.039 13923 6607 174206915 112053831 112074335 220622878 150329838 0.12998688
PR 6| 216374 | 15745416 | 012431 950160.77 16037 4095 170.201757 114.379978 111.454513 217124559 158027563 0.12485748
CLdesign 9| 23261 | 16920571 | 014261 1125693.07 17363.0515 185.265491 115511855 113.858843 233.716743 16979.9653 0.14363062
X2 10| 211.067 | 15302946 | 012084 203644617 14443771 185.95008 111839167 110773405 210821423 152804327 012055319
*3 11| 22231 | 16198352 | 043083 999919.235 147100505 174 532619 114438148 111 5506854 221 97057 16175.6309 013052394
X 12| 211964 | 15293313 | 012363 937274.321 15794.1753 169.03835 115905913 11141708 212.154581 15306.432 0.12411463
: 13 | 212.446 | 15407 237 | 012276 329616458 14557 6303 168464801 111 674216 11108341 212.756018 15430.4561 012307785
hd 14 | 213.202 | 15527.064 | 012188 918813.321 13786.9545 167 498658 111883373 110524968 213.3424 15536.7267 012187023
- Rows 15 | 210261 | 15272899 | 011885 535143163 13701279 165.213986 110.806391 110647055 210.543571 15290.3372 011933241
T o 16| 219112 | 15666862 | 0428 994364.95 16330.1 367 174165088 115592358 112031561 219532426 15896.5659 0.12967002
S p; 17 | 214.994 | 15538793 | 012614 950968174 14986 4536 170,574243 112480586 11133834 214 585895 155104715 0.12565139
Excluded 1 18| 217.449 | 157584445 | 012703 972615896 14796.6032 172322142 112665542 111667433 217 846177 158134172 012745377
Hiciden 0 19 | 213388 | 15477673 | 012308 23001 2:549 13745.8847 168.477755 111354843 111113585 213.347586 154609147 012317751 ~ |
Labelled i K| 0
Ready [
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Now you want to find the percent error between the actual and the predicted responses. Add columns with
Cols, Add Multiple Columns, and add eight columns after the last column. Rename the first column ‘error TOGW”.
Each column will find the percent error for one response, so name them appropriately. Right click on the first of the

columns and select “formula”. This window will pop up:
=101

Takle Columns - Functions torouped) &) oK.
Pattern A [(H =] Row = Cancel
Wing_Ares J x|+|2 Humeric _—
Tami ||| |Transcendental Bpply
r sz | |Trigonometric
FPR Character
OFR Comparigon Clear
CLdesign Conditional
Hel
X2 Probability _DI
¥3 I isti =]
red Formula TOGW.- TOGW |
Tosk
|
I |1

Enter the formula for percent error using the column names:
Percent error = (Predicted Value — Actual Value) / Actual Value *100
NOTE: JMP does not like number entered first into the formula. If you are multiplying by a constant, do so at
the end of the formula.
After the percent error for each response has been calculated using the entered formula, you want to see if the

distribution is normal. Go to Analyze, Distribution
4 IMP - [HSCT_pred_formulas] =lel=l

File Edt Tables Rows Cols DOE | Analyze Graph Tools View ‘indow Help - |8 ]
|BEDE2ESE & =r

Fit v by %
[k 2 @ B (2 P L e parhedrars

|| [Fser ored_fomuas E ‘ 2 Fit okl

L moniinear Fi

¥ HSCT_pred_formulas | 0\ 5 Multivariate error efror error efror E
- ﬁ Al e | Pred Formula Acg § | Pred Formula RDTAE | Pred Formula $RPM error TOFL | error Wapp | Flyover Siceline | error Acg § | RDTSE FiRPh

&:‘ Sl » BT 226 311096 16515631 013383736 | -031385 -1.01278 -0.22138 -024 0000071 <0183 | -010727 | -0.25517

~ coumns i ﬂ@ Tt SeEs 4 219074976 15811 5169 013004075 0434751 0720261 0.204403 | -0.00867 0000574 0277374 | 0285395 0403311

o 223204892 16454.9519 012767393 | -099237 | -01325| 04998 | 07445 | -D00145| 033953 | 037495 074327

ik = 4218 112012317 217 855532 15681 6418 013084276 -025758 -08784 -010508 -00886 | -0.00032 -014185 | -013858 | -0.27857

thing_frea 57T 112551681 221 742929 15870109 013468993 -013088 | 0EE0357 -013433 | -011819 | -0.000M3 -012749 | -0131B6 | 0068812

6 J54a 11039944 209756071 153262343 011678795 137631 | 048045 | -0.51263| -0.06303 | -D00183| -052873| 046726 11096

7 pa3 112074335 220 622679 16032 8638 012888686 -012214 | 0771852 -011071 | -0.07562 | 0.000055 -002568 | 0.004122 -0.3321

B parE 111 454513 217 124859 15802.7563 012489748 0549754 -13832 | 0238606 | -0.07305 0000952 0346926 | 0384171 0472589

EIES 113859843 233716743 16979.9553 014363062 | 0500595 | 0570261 | 0371333 | 0033701 | 0.001119| 0390357 | 0351016 | 0715675

10 p167 110773405 210521423 192804327 012055319 -023959 | 0991286 -015037 | -0.06558 -0.0002 011635 | 04712 | 023735

11 p146 111 880654 22187157 161756308 013052384 -0.30M21 -1.01574 -000884 | 0251186 | -0.00082 -015267 | -0.14027 | -0.23383

125913 111 41708 212154581 15306 432 012411483 0381555 | 0178703 | 0141558 | 0053435 | 0.000429 0083912 | 0085783 0331937

13216 111.08541 212758018 154304581 012307785 | 0399444 | 057581 | 0217014 | 0239351 | 0.000255| 046969 | 0150716 | 0.258919

14 373 110824966 2133424 155367267 012187023 0081387 -1.53582 | 0118743 | 0176842 | -0.00021 0065853 | 0062232 -0.00802

15 5391 110647055 210 549671 152903372 011933241 | 0398959 | 0097012 019041 | 0113715 | 0.000255 0137292 | 0114178 0405898

16 pasa 11203581 219632426 158955659 012967002 | 0709805 | 325113| 0325512 0086655 | 0.001178| 0237516 | 0473349 0519394

17 D586 111 33834 214 585695 155104715 012565133 -0 46672 -0.29616 -007367 | 0.2668116 | -0.00083 -018881 | -0.18226 | -0.38735

18 pa42 111 BBT433 217 846177 158131172 012749377 | 0533513 | 0B10816 | 0.303924 | 0137711 | 0.000534 0182653 | 0181649 0365088

19 J843 111113585 213.347568 15450.9147 042317751 | 04385 | 439251 | -00132| 0034235 | -000023| -0.01894 | 00827 | 0.079226

20 [438 112352735 221.0044356 19962.5251 013229571 | 0030954 | 1.558591 0.070251 | 0034507  0.000229 -005949 | -0.09816 | 0.036534

21 PEEG 113 263796 228 817356 18584 4006 013881348 0222218 -0.85671 0077075 | 020089 0000436 009946 | 0148186 | 0139579

220293 110478342 206 34954 14967 8805 01176155 | 0955129 220555 0424624 | 0031765 0001425 0316123 | 0237325 0743957

23 pa1a 111 684334 218.562454 19685.7309 012766478 0.2305 -0.44045 | 0.208013 | 0103779 | 000008 0119768 | 0107172 0192109

24 [078 111141081 208 8936823 150482235 012158976 0825575 | 2113332 | 0357825 | 0085213 | 0.000857 0285532 | 027545 0620455

25105 112855951 22341439 16081 40338 013738027 | 0233034 | 0901491 012989 | 0067387 | 0.000224 0164953 | 0130085 0219047

26 046 111.407126 214985711 15661.9351 012400995 | 0353057 | 421439 | 0004917 | 030403 | 0.001034| 0039419 | 026255 0.331674

27 Js6 112280803 221 445202 16004.7964 013246191 -0.5878 | 0BO0S77E -0.30455 | 0.006267 -0.0011 -030874 | -0.30578 | -0.28213

28 pa0s 11217459 220 809798 15978.0096 013121807 | 0.095855 -1.50458 -007586 | -0.24872 | 0.000439 0170025 | 0215337 | 0008152

29 pse2 11141109 217624769 158471149 012566644 | 05333 | 0760705 | -0.01547 | 0274153 | -D00103| 022932 024262 051499

30079 111 507606 215.011951 19525.8484 012652543 -032927 -1.33011 -0.21006 | -0.13488 | -0.00024 -005116 | 0096276 | -0.31088

31 p439 110919924 214751776 15769.2083 012075203 -035263 | 0481099 -0.1905 | 0.014881 | -0.00054 -011885 | -017031 | 038317

32 5201 111 952927 216 750058 15577 5135 013050964 -0 386332 -1 31637 -05151 | 025854 -0.00039 -032601 | -0.31951 | -DE7759

33195 113927743 235559229 16949.7357 014973342 0808056 | 0306256 | 0429657 | -0.02811 | 0.00M758 0405451 | 0456427 0783077

34 018 111 26558 223861272 163247454 013181903 | 0134631 -01844 | 0032618 | 000851 -0.00005 0062224 | 0085805 -0.00073

35 pSEE 111 920881 223 510808 16135.8525 013652318 0893407 1.25027 | 0393914 | 0.084716 | 0001325 0358101 | 0300908 0731197

%6014 111732911 224771489 162806143 013554956 | 02645 | 1476519| -0.01891 | 0400419 | -0.00053 -0:06 | -0.06821 | 038246

37 232 111 56132 2252681392 164117122 013380477 | -002617 -017425 0010316 | 0122488 -0.0003 -001625 | 0058786 | 0.040851

38 pA96 110469818 213979778 153945208 012688071 -0E8304 -0.43732 -025441 | 0231577 | -0.00125 -040318 | -0.53211 -0.4823

30 psa7 111367672 22515122 164558543 013226843 | 0113406 | 054602 | 0001859 | -0.15687 | 000043 | 0.068956 | 021485 | 0.036628

¥ Rows 40 p30s 112012775 223396145 199853411 01376423 | -082421 -1.52855 -0.34622 | 0148453 | -0.00189 -043759 | -0.44B58 -0.6408

Al Rows 268 M (237 111 830208 224 080076 1B158.7072 013653392 -011249 | 1016232 -002993 | 0.0M13881 | -0.00023 0.00E728 | 000392 -0.09957

Selected 1 42 j1os 112151656 227 768743 16479.439 013821144 | -053395 | 042615| -0.24706 | 000734 | 000071 | 020254 | 0229 044555

Excluded 4 43 (193 110548121 216541331 19726.2109 012639931 | 0065218 | 0453457 | 0.045465 | 0008067 | 0.000321 00214 | 000205 003111
Hiciden o 44 (304 112126256 225 2684403 16208 415 013852169 | 0293855 -1.32626 | 0154635 | -0.02243 | 0.000377 0177158 | 0142832 0312616 LI

Labeled il i
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Place the error columns into the Y, Columns box.

Distribution

Pred Formula TOFL
Pred Formula Yapp
Pred Formula Flyo
Pred Formula Sidel

e —— weight |
Pred Formula ROTES

o

The distribution for the error will pop up. This gives you a distribution, a box plot, quantiles, and moments
about each column. Here you can check for normal distribution with a mean of 0 and a standard deviation of 1 under

the Moments drop menu at the bottom.
SEIE

IMP - [HSCT_pred_formulas- Distribution]
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If the distributions are not normal you have three options: exclude cases, transform the responses with
logarithmic or exponential functions, or include higher order effects. For this tutorial, we will focus on excluding
cases. To select cases to exclude, you can click on the distributions or the box plots. Selecting a bar of the distribution
selects all the cases within that bar. If you only want to select some of the cases within a bar, use control and the left
mouse button to scroll the axis or zoom in with the magnifier in the tool bar. An interesting aspect of these
distributions is that selecting a case in one selects it in all of them so you can see where the cases fall throughout all the

distributions.
&3 IMP - [HSCT_pred_formulas- Distribution] =& x|
Fle Edit Tables Rows Cols DOE Analyze Graph Tools - Wiew Window Help & x|
IEREEEYET
2 @ae(@msee+
JJ [ HSeT_pred formulas -l ‘
¥+ Distributions
¥ error TOGW |6 * error TOFL |6 ¥ error Vapp |° * error Flyover |6 * error Sideline |9 * error Acy § |9 ¥ erra
; 1 08 1 14
. 3 o7 03
2 06 02
1 01
’ 1 H
% . ? [ E g ]
-1 i 01 i
2 { E 02
- 1
3 i T o
. H 04
i a5 i -1
=
¥ Quantiles *oanid You can select the cases ¥ Quantiles ¥ Quantiles ¥ Qua
100.0% maximum 1,849 100.0%\ 4 . . . % maximum  0.7385 100.0% maimum 03382 1000% maximum 0851 10002
335% 1626 395% associated with a given error 0.5630 99.5% 0.3280 39.5% 0785 sas5%
97 5% 1312 97 5% c . 0.3099 97 5% 02379 97 5% 0544 97 5%
00% 0.888 0.0% by Cllell’lg on the 01782 0.0% 01341 80.0% 0354 80.0%
TS0%  quartle 0404 T5.0% . . . quartie  0.0904 750% ouatis  0.0735 750% ouais 0167 750%
S00%  median 0,027 S00% distribution bars medizn  0.0063 S00%  median  0.0045 S00%  median  0.004 50.0%
250% ouartle  -0.358 25.0% quartie -0.0913 250%  ouaris -0.0583 250%  ouais  -D160 250%
100% 0,830 100% -0.1866 10.0% 01412 10.0% 0364 100%
25% 1426 25% TAST EUTAR -0.2998 25% 02312 2.5% 081 25%
05% 2180 0.5% -4.003 0.5% -1.036 0.5%. -0.3771 0.5%. 05144 0.5% -0.957 05%
00%  minimum  -2.333 00%  minimum 4647 00%  minimum 1148 0.0%  minimum  -0.3782 00%  minimum  -0.5381 0.0%  minimum 1053 0.0%
* Moments * Moments * Moments * Moments * Moments * Moments * Mon
Wean 0.0025223 Mean 0.0107578 Mean 0.0007081 Mean 0.0002136 Mean 0.0001221 Mean 0.0008174 Mean
Std Dev 06751672 St Dev 1.3129289 Stel Dev 03170242 Stel Dev 01482546 Stel Dev 01157822 Stel Dev 02806417 St De
St Err Mean 0.0399935 Sted Err Mean 0.0777712 St Err Mean 0.0187789 St Err Mean 0.0057842 Stel Err Mean 0.0068583 St Err Mean 0.0166235 Stel Ert
upper 95% Mean  0.0312435 upper 95% Mean 01838389 upper 95% Mean  0.0376715 upper 95% Mean 0017504 upper 95% Mean  0.0136213 upper 95% Mean  0.0333389 upper
lower 85% Mean  -0.076139 lower 85% Mean  -0.142323 lovver 95% Mean  -0.036255 lower 95% Mean  -0.017077 lower 95% Mean  -0.013378 lower 95% Mean  -0.032104 lowver
] 285 N 285 N 285 N 285 N 285 N 285 N
| | |
Ready UM

You want to exclude cases that have large percent errors to improve the fit of your RSEs. After selecting the
cases you wish to exclude, it is a good idea to check if there is a pattern to those cases. In the DoE table, select the
columns you want to compare by highlighting the name row. Go back to the distributions and double click on any of
the selected points. This will bring up a table containing the information for those points. This is an easy way to find
patterns and see if anything specific is causing the large error.
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¢ IMP - HSCT_pred_formulas- Distribution

Fie Edi Tables Rows Cols DOE Analyze Graph Took YView Window Help

SETE

[IEREEEF L

e 2 @B @M P L+

H Subset of HSCT_pred_formulas - ‘

Highlight the columns you
are interested in comparing

[y HsCT_pred_formulas o [=] 53
¥ HSCT_pred_formulas < - |
- Pattern TOGW | TOFL | Vapp | Flyower Sideline
L -1 -1 -1 -1 -1 -1 -1 -1 1 1 1 1 -1 -1 1 -1 | 10409396 | 18031 178.2 | 117 2508055 | 112 6520525
. Al Al A Al 4] Al ol | Al A Al A [ 16025 | 1733 1153133015 | 111 9433999
Columns (41/18) - T Pl - - . Pl P Zal Pl 7 Pl . Zal Zal 7 Pl wana | amnn | aas anenan | 4o
HSCT_pred_formulas- Distribution =[]
¥ _+ Distributions =
¥ ~ermor TOGW v lalx||-
2 : |
. ~ Sowce Ty | T | FPR | OPR |ClLdesign ¥4 | X6 | MB | V2 |to_root |tic_tip |HT_ref |VT_ref
1 H E 1 e A 1 I 1 1 1 1 4l 1 1 1
El 1 e 1 -1 N 1 1 e 1 1 1 1
T pm— Al 4] 4] a9 0 D ) ] ] ] -1 1 1 1
— e E 1 1 -1 1 1 1 1 ElE 1 4l 1 1
D
o [ ] I [ I s ) R A A A 1
L L Al A ] a4 F I Y I ] Y ] 1 1
FPR
OPR
27 M CLdesion
X2
¥3
X4 /
5
XB /
¥2 /
tie_root
tie_tip /
25 M
| Double click here to
2 . .
4 bring up this data table
o
¥ Moments
Mean 00025223
Stol Dew OB7S1672 * Rows
Stol Ert Mean 00399935
Upper 95% Mean 00812435 All Rows 8 o
owrer 95% Mean 007199 SEE & ~
7 I Excluced o
Hitiden 0 = H
. 56 | Labeled ol BT[]
) 9 T-—F-—FF =T =T T =T =T T T =T =T =T =T T =T =T T ST TOZT25T THS20 TVE. TTZO9S43TT TTT 350041
IR e T ey Al 4 1 1 1 1 1 1 1 1 1 1 10747748 | 17722 | 1811 | 116.5073465 | 112.2200614
ég'ﬁlcéﬁ‘l i T — ElE 1 -1 1 EIE ElE A 1 1 1 4l 1 1 | 10552858 16152 | 178.4 [ 1147713081 | 1118554803
el
Hidden 0 42 [-tetee -1 -1 1 -1 1 -1 -1 1 -1 -1 -1 1 -1 1 1 110813294 | 16776 1816 | 1149610154 | 1122311634 LI
Lahelled o+ I [E]0
Ready [ Fom[

With the cases you want to exclude selected, go back to the data table and try excluding these. Rerun the
analysis. You have to be careful how many cases are excluded. One way to judge if you have excluded too many cases
is to look at the Correlation of Estimates.

HSCT_pred_formulas- Fit Least Squares. = [=] 4]

v ~Least Squares Fit

L L]

¥ ~ Resnnnse TOGW
2= »

Effect Screening
Factor Profiing
R Diagnostics
Save Colurns

Expanded Estimates
Sequential Tests
Custom Test. ..
Iniverse Prediction. ..
Parameter Power

Saript

3
S 1100000

= L
1000000

900000 .7

900000 1100000 1300000 1500000
TOGW Predicted P=.0001 RSg=0.93
RMSE=10675

4 Summary of Fit
. =l

4 ]

The Correlation of Estimates is a symmetric matrix that shows the mathematical correlation between the coefficient
estimates. You should check that these numbers, except for the “1”’s that make up the diagonal, are below +0.15. If any
number in this matrix exceeds +0.25, you will not be able to differentiate between the influences of those coefficient
estimates due to the prediction being correlated. What this implies is that if you are trying to estimate the coefficient
for one term in your RSE and it has a high correlation with another coefficient, you will not be able to distinguish
which of those coefficients is actually contributing to the response. This means you have excluded too many cases
from your DoE and you cannot estimate your responses with your current data set and DoE. Check this matrix for each
response when you exclude more than 5% of your original DoE cases. If your correlations start getting high, you need
to modify your DoE by changing ranges, transforming your data, and/or check your analysis tool to see if you set up
your model correctly.
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4% IMP - [HSCT_error- Least Squares] =& x|
File Edit Tables Rows Cols DOE Analyze Graph Tools View ‘Window Help -8 x|

lBDEES & 2@
r2@aemse s+
J_l HSCT_error-3 v‘

[* Least Squares Fit
* Response TOGW
¥ Scaled Estimates |
* Correlation of Estimates
Corr
IntereeptWing_Area TV T FPR OPR CLedesign 2 3 R 5 HE Y2 te_root  tic te HT_ref VT _ref\Wing_Area®Ming_Area TWAVIng_Area TMATAYTITING _Area TITATa
Intercept 1.0000 fe4 324 00008 00007 Be4 00004 00003 0OM3 0003 0001 00002 -Se4 00014 0002 2e4 00004 007 00034 0017 ooozs ooz |
Wing_Area -5e-4 1.0000 -0202 0457 04501 04047 00496 00295 04029 -0035 -0049 00188 -0019 -0.012 -0022 0051 00645 0.0001 0.0145 00001 -0.022 003
Be4 0202 10000 04130 0183 0107 004 0003 019 00720 00281 0005 00760 00433 D046 00663 -0.048 0.0001 0.0465 00001 Ted 006
T 0.0008 -0457 01130 1.0000 -0 0056 00420 -007 -0045 002 00600 -0012 -0015 00124 00347 002 001 -2e-4 0012 -2e-4 00355 00086
FPR 00007 0450 0483 01 10000 00788 2e4 00351 00513 003 0003 0076 -002 0018 0061 0076 00347 284 0018 2ed 00483  Sed
OPR -Ge-4 04047 -0407 -0.055 00783 10000 00153 00112 00262 00304 00244 -0035 -0039 00043 00292 -0057 00071 0.0002 -0.038 0.0002 -0.062 00842
Cloesign 00004 00496 004 00420 2ed4 00153 10000 0067 00761 -0065 0033 00239 -0011 OM2 0005 0051 00581 e 00273 Aed 00234 0032
2 0.0003 00295 -0009 -007 00331 00112 0067 10000 -2e-4 00431 00269 00218 -003 00380 -0.091 0011 -0009 -ge-5 00330  -ge-5 -0.022 000007
%3 00M3 04023 0418 0045 00513 00262 00761 24 10000 -0401 -0038 00195 -00B8 00268 0007 0014 00153 -4e-4 00364 -ded 00298 0011
£ 0003 0035 00720 002 003 00304 00491 001 10000 00551 00095 00340 004 0006 0007 -0.065 0.0007 0064 0.0007 0453 00602
%5 00001 0043 00281 00600 0003 00244 00263 0036 00551 10000 -0006 -0014 DO0261 00146 0053 -0.052 485 0014 des5 0028 00471
6 00002 00158 0005 02 00276 0035 0021& 00195 00095 D006 10000 00203 00304 -0007 0033 00550 o5 00233 e 00138 0027
w2 S5e4 0019 D070 D015 0022 0.039 0031 -0068 000 0014 00203 10000 00289 0052 00352 -0025 0.0001 0.0367 00001 00233 0081
tic_roct 0004 0012 00433 00124 0018 00043 00330 00286 004 00281 00304 00296 10000 006 00027 010420 -de-d 00902 -de-d 0.0578 0099
i _tin 0002 0022 0046 00347 00161 00292 0051 -0007 0OXE 00146 0007 0052 -0.06 1.0000 00260 0.0208 0.0008 0453 0.0008 003 04027
HT_ref Zed 0050 ODEE3 002 0078 0057 001 0014 0007 D053 -0033 00352 00027 00260 10000 0037 0.0000 0.0034 00000 0004 0012
WT_ret 00004 00646 0048 001 00347 00071 0009 00153 0065 0052 00559 -0.025 00420 00209 0037 1.0000 e 00331 ed 00501 0084
Wing_Areatting_érea -D0M7 00001 00001  2ed  Zed D002 e5 de-d 00007 des  Bes 0000  -de-d 00006 00000 de-d 1.0000 Ged 0BG Eed 00006
ThAing_Area 00034 00146 00486 0012 0019 0036 00330 0036¢ 0064 0014 00233 00387 00902 0153 00094 0.0331 924 10000 9ed 00863 0156
THARTIN 0M7 00001 00001 2ed  2e-d 00002 85 de-d 00007 -de5  -Bes 000N -de-d 00006 00000 -le-d 0086 9e4 1.0000 824 00006
TITing_Area 00028 0022 Fed 00355 00483 0062 0022 00298 0133 0026 00138 00233 00678 0034 0004 0.0501 Beq 00963 -Bed 10000 0.155
TIT*TAN 0002 0013 008 00085 9ed4 00842 00007 0011 00902 00471 0027 008 0089 01027 002 0084 0.0008 0158 0.0008 0155 10000
TITTIT 0017 00001 00001 2ed4  2ed 00002 825 4ed 00007 4e5 GeS 00001 ded 00006 00000 -fed 0086 924 006G 824 00006
FPRANG_Area 0003 0032 0023 00485 00335 00480 0042 0050 00ME 00732 003 -0023 0101 01128 0054 0079 0.0007 0188 0.0007 0088 01445
FRRATM 0.0034 -0003 -0033 0005 00081 -0.045 00214 00783 -013% -0054 00175 -003% 00683 0043 00386 00644 le-3 04027 e3 04103 007
FPRTIT 00M7 00892 001 0024 0034 0034 0027 00822 0152 0075 00047 00251 00725 0072 00228 0.0800 Sed 01202 Sed 01033 0185
FPR*FPR -0.017 00004 00004 -2e-4 -2e-4 00002 -Be-5  -4e-4 00007 -4e-5 -Ge-S 00001 -de-4 00006 00000 -le-d -0.066 -9e-4 0065 -Ge-4 00006
OPRAing_rea 0002 00374 0024 0058 00440 00447 00150 00115 00491 00051 0004 -002E 0035 00537 00073 -0.024 0.0004 0051 0.0004 003 0mMEE
OPR*TIV 0004 -0.02 00384 00459 -0.0%6 -0.003 00226 00072 005 00073 -0011 00432 00846 0072 0023 00191 -de-4 00762 -de-d 00326 -0.051
OPRATIT 00006 0081 00748 00357 0057 0058 0004 008 0026 0044 0019 00351 00077 002 00251 0.0087 284 00187 2ed 00462 004
OPR*FPR -0.001 00288 -0051 -0.036 00348 00083 0012 00131 00379 00124 004 0066 0126 00845 00128 -0.047 0.0003 -0.071  0.0003 -0.055 0076E
OPRIOPR OM7 0000 00001 2ed4  2ed 00002 825 4ed 00007 4e5  Be5 000N ded 00006 00000 -1ed 0086 He4 0066 B4 00006
Cleesion®\ing_Area -3e-4 0021 00012 00035 00058 00106 -0.054 00510 -0045 -0045 00318 00118 00396 00527 00176 00425 0.0001 0.0007 0.0001 00522 -0.064
Cloesign Tiy 7e5 0003 0M22 D026 0021 002 00500 0035 00618 00588 002 -0008 0058 D077 0036 -0.067 0.0000 0.0130 00000 0072 00542
Cleesion*TIT -0.001 -0014 00114 0003 00151 0038 00193 0078 00167 00135 -0047 00333 -003 0014 00 0.0003 -0.047  0.0003 oofo7  -0.008
Cloesign*FPR 00003 00054 0025 00385 00002 00174 004 00580 0074 D04 003 0017 00165 00702 00264 00391 a5 0006 Be-5 00483 0026
Cldesion*OPR 0.0002 00452 -0064 -0.044 00224 00055 -0.014 00302 0078 -0118 00071 -0028 003 00145 00026 00055 -Se-5 0013 -Se-s 00349 -0.014
Cloesign*CLdesign OM7 0000 00001 2ed4  2ed 00002 825 4ed 00007 4e5  Be5 000N ded 00006 00000 -1ed 0086 He4 0066 B4 00006
H2MAIng_krea 3 L0037 O0SOT 003 00BS 0005 00393 D014 00585 0061 008 00X 0035 0033 00043 04 0.0003 0026 0.0003 0073 00564
KT 00008 00538 0036 00040 0.0520 00402 0002 00328 0059 0004 00642 00353 00848 00145 0019 00841 284 00518 2ed 00755 0091
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Looking at your actual versus predicted plot and the residuals plot, the fit of these two plots should reflect a
better fit through the remaining cases.

The most accurate means of determining how well your RSEs model your analysis code is to run a set of
random cases. This is especially important if your responses are highly quadratic and there are very strong interactions
amongst variables. To establish the interactions between variables, go to the red arrow beside “Response TOGW” and
select the Factor Profiling and then the Interaction Plots. Scroll down in the window.
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The plot below will come up. To identify if there are strong interactions between variables, look at one of the
boxes. For example, consider the interaction between Wing area and T/W. If these two variables had a small
interaction between each other, the two lines that you see would be parallel. However, when interactions exist, the
lines will have different slopes. Very strong interactions can be identified when one line crosses the other. What
happens within the RSE for cases like this is that one effect can be masked by the other and when you evaluate your
RSEs at values other than the cases used to create the RSEs, you may have significant prediction errors. However, if
the interactions between variables are small and your responses are not extremely quadratic, your RSEs should behave
well at off design poi
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However, if you do have strong interactions and highly quadratic responses, you need to run a set of random
cases. Especially if you don’t know a priori the behavior of a response. The suggested amount of random cases is an
equivalent amount to the number of cases you ran for the original DoE. You can do this by randomly picking values
between “-1” and “1” and creating a new DoE table. You can do this in Excel in your convert spreadsheet using the
formula =2*rand( )-1. This will give you a value between —1 and 1. You will want to paste special these numbers as
values into the convert sheet because they have a tendency to change with any change in the spreadsheet. Re-execute
your analysis tool for those random cases to get your “Actual Response Values”. Bring the responses into the DoE
with the newest prediction formulas calculated after excluding cases and save as a new file. Bring in the random
values, which will automatically update the values in the predicted formulas and the error columns. Now you can look
at the error distribution to see how the RSE performs at off design points, again look for a normal distribution. An
acceptable level of error is = 5%. If your error is higher than this, you should re-examine your ranges and the DoE that
you used. For a given design problem, this effort should be done at least once to get a feel for how well a 2™ order
RSE can capture a given response. This is a valuable one-time investment.
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For one last test to see how well the RSE is predicting your analysis code, click the Summary of Fit button
and observe the “Rsquare” value. Rsquare is a number that indicates the accuracy of your predicted graph. A value of
one indicates that the relationship is perfect, while zero indicates no relationship whatsoever. As you can see it has a
value of 0.993631. This means that the second order DoE model that you chose explains over 99% of the variation in
the data. With this check for the goodness of the fit of your model, you typically want a value greater than 90%.
However, the R” value IS NOT THE ONLY CHECK FOR THE GOODNESS OF FIT! The R” tells you how well you
are predicting the responses at the values prescribed by your DoE table. It DOES NOT tell you how accurate your
responses will be at variable settings other than “-17, “0”, or “1”. This value will be closer to one if you have excluded

cases, because your RSE is doing a better job of modeling the variations of the data.
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Another great feature of JMP is the ability to see contour plots. So, go under the Least Squares Fit drop
menu again and select the Profilers option again, but now select the “Contour Profiler” option.
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Scroll down in the window to see the “carpet” plot shown below. Here is where you can play with constraints
that may be hurting you. You can change which variables are displayed in the contour by simply clicking in the boxes
under “Horiz” and “Vert”. You can assign specific values to your responses by clicking in the boxes under “Contour”
and adding values. You can put limits on the responses as either Hi (high) or Lo (low) limits. You can set the design
variables to different values by moving the slide bars, etc. For presentation purposes, copy this in the same manner as
you did before. An example of the contour plot is shown below. There are upper limits on 2 responses, and the design
variables are all set at “0”. Note that the contour values were set to the limit values so that you can visualize which
constraints are active. In this case, the TOGW and the TOFL are active constraints. Just play with this, it is VERY
easy. Note, to expand the contour plot for easier viewing or presentation, put your cursor in the bottom right hand
corner and then click and drag the corner of the box. You can also turn off the Surface Plots if you like under the drop
menu for the Contour Profiler. You can zoom in and out on the contour plot by putting your mouse over one of the
axes (either T/W or Wing_Area), hold the “Ctrl” key down and then right mouse click and select the “Size/Scale”
option and then either X or Y axis. If you select the Y-axis, you get the window down below. You can modify any
range you like.
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One item of interest to you might be the following: What are the settings of the variables that optimize my
responses? JMP can optimize your variables for you through a feature called the “Desirability Function”. Consider our
8 responses, each of which we would like to minimize. We need to tell JMP this information. Go back to the DoE table
and click on the first response column title cell, TOGW, and hold down the shift key and click the last response title
cell ($/RPM). Note that all of the column headings are highlighted. Now, right mouse click and you will get the
following menu and select the Column Info option.
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Under TOGW, select the New Property button. And then select the “Response Limits” option.

FlyCreer

The following will come up. Click the Maximize button and change it to the “Minimize” option. This tells
JMP that the response is to be minimized when we do the search for the most desirable settings. Repeat this for each
response and then click the Apply button and then OK and go back and Fit Model again.
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Go back to the “Least Squares Fit” window and go to the Prediction Profiler and click on the little red ¥ and
select the “Desirability Functions” option. Notice that the “Confidence Intervals” are checked in the box below. The
Confidence Intervals are the little error bars on the Prediction traces of the Profiler. The larger they are, the more error

that exists in your model and the lower your R? value.

164.4192
1504
1184

1091557

vapp

Flyover

10398
1204
1125842

Sideline

109.54
2745
2245545
2062
19783
16300.3
14932
0476
QA27757

RDTSE Acg§

FRPM

04167

Error bars or

§ 7| Confidence
v Intervals
ERSuA REERED

e e L s s s e s s s s e e e B e LA s s ey B B e s e B e ey B
T 0M4T TOM40T TOM4DF T 0007 T 00147 T 0 T 00070z v 0 T T 0007T Y 0 T T 00T T 0T TOo0woZ T OmdT Y0 T v 00w

(T

After you select the “Desirability Function” option, another column will appear in your Profiler and another
row. On the right, this is the direction of the desired response; it is shown in minimization right now. If any of the
responses were to be maximized, then the slope would be positive, rather than negative as shown. On the bottom, the
influence of a variable on the desirability is shown. For example, increasing Wing_Area increases the desirability,
reducing T/W increases desirability, and so on. JMP will automatically find the optimal settings by selection the
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JMP will then come back with the most desirable settings for the responses as shown below, if it in fact can
converge on a solution. If it can’t, you can just move the hairlines around until you can maximize the desirability.

7945351 i i H H H H ; ; H ;
e PR MY SN S Y 4 o ey T Ul FOREE SN FEREEE = )| PINEASY U et 3 - W

TOGW

TOFL

18545
swae] || 1 Nl e I 1 1 1
?8345,mmmwwmwmwwwwmwww ,,,,,,,

Wapp

2104 4
e | | i : : il | itk | i il i :
424} e e - A i e F e E o il M £ e B B & SRR

FlyOrver

1184
OREIEEED : : ! : : H : iR : ! e : !
B e T e L B B B e B L e e B e B e e | IR

Sideline

1204
e i i i i o ' Al : i Al i i
1083 et e P = A e ] e § I DR s T CRMNEEDY FASNSIE J FIRSES § F TR P RS-,

Acg §

2745 4
AL i i i i i i i i il i i ik i i
BT T e B aaanaa d Eama e e B e Eammmman B E e B e e R B B i e I

RDTAE

19789
148255 ; ; | | | I ; i H ; | HH ; |
144307},___:,_—,-1 ,___i.‘—,-i ‘*——-—:r‘s ._‘.__:; ;_‘__:; stm_.;: ;._:;_._ ,,’?fb_i. ._;_:;,:_.ﬁﬁ i:.-——lr!‘, zc_jz,,_...q ,"f:—:s—,‘: ;:;-—bf! +__—.-a,; = ;: ,,,,,,,

FRPM

0176 A
0108335 ' ' i i i ' i ' I ' i o ' i
(97270 S NP PN SRDIPY PRI Y SN PREPIRNS - SIS PN SIS FPUIS PUMPEIS FSNP ERNEC) PSS PRSI FUs) Y NS .

1 f e f e et —_— e e
0878379
04

Desirability

LA s S s B B B Bt s s B B B B s B s B B s S B B s B B e B B Bt B B B B B R B B B p
SO0 T 0447 TOFIMF T 1 T T 1 T 4 T W OMET TO8eET T o4 T T 4 T T o4 Thasd T o1 TT o4 Tw o4 Tw 1 T2 -

Wing_srea Thiv T FPR OFR Cldesign K2 K3 X4 5 HE Y2 tic_root tic_tip HT_ref WT_ret  Desirabilty

Also, there is another way to change the desirabilities. Put your cursor in one of the desirability boxes on the
right and hold down the “Alt” key and click. The window below will open up and you can change the options.

JMP: Response Goal

Minivize 2

Let’s summarize what we should have done up to this point.

Look at the “Actual versus Predicted Plots” to check the goodness of fit

Look at the “Residual Plots”

Check the error distribution

Exclude bad or high error cases

Run random cases if you have strong interactions and large quadratic behaviors

Check the R? value for EACH response

If an acceptable value is obtained, we can proceed, if not, then we need to check what went wrong
Modify ranges if needed and run another DoE

Refit data

Create Contour Plots and Prediction Profiler for presentation purposes
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Let’s press onwards with investigating the design space. We now want the coefficients for all of the
responses. The easiest way to do this is to go back to the Fit Model window and select the Manova option under

“Personality” menu then select Run

£ JMP - [Fit Model]
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The window below will come up. Select the little cross icon from the menu bar and then click anywhere under
the Parameter Estimates bar and all of the area will be highlighted. You will have an Excel file called
Lots_of RSE Eqn_setups, which contains spreadsheets to calculate the RSEs for 5 to 29 variables.

<3 JMP - [HSCT_feasibility RSE: Fit Manova]
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0.00008133
-0.0014839
000453783
0.00123994
000036315
0.00143514
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Open Excel and the Lots of RSE Egn_setups file. Go to the sheet that has the appropriate number of
variables. Right mouse click on the sheet tab name as shown below and select “Move or Copy...”

Microsoft Excel - Lots_of. RSE_Eqn_setups

JlE]
===
| EEr—
039
[
[2 | Response:
|4 | Actual Values
| & |variables: bD
[ B ] ¥ 051 b1
[ 7] *2 234 h2
[ 8| X3 1615 b3
[ 9| %4 025 b4
[10] *5 248 b5
[11] Ei] 223 bE
[12] Eel 238 b7
[13] bt} 0515 b3
[14] X9 8000 b9
[15] 0 01 b0
[16 | sl 4 b1
[17 ] ¥12 3 b12
[18] %13 550 b13
[19] x4 1 h14
[20] x5 450 h15
[21] k) (413
| 22 | (Currently this is the baseling config b1
b21
| 24 |Ranges:  Lower Limit Upper Lirnit] b22
[ 25 *1 044 h31
[ 26 | %2 218 15 h32
[ 27 | 3 1.54 1.69 b33
[ 28 xé 022 0328 b4t
[29] x5 24 258 h42
[30] X8 21 236 h43
[31] X7 219 237 h44
[ 32 %8 043 06 h51
[33] xa 7000 4000 b52
[34] x10 0.08 012 b53
[35] x1 3 a h54
28] w12
[39]
[T« Tw Imf

]

4 rh

1
[

11 1]

1
4 441E-16
-1.443E-15
[1}
-4 441E-16
2 443E-15

a
-2 442E-16
2.22E-16

1}
4 441E-16
[1}
a
a
-5.551E-16
1}

[1}
1.972E-31
-6.408E-31
2083E-30
1}

[1}

a
-1.8726-31
B.409E-21
i}
1.9723E-31
1.085E-30
-3.525E-30
a
-1.0B5E-30
5.966E-30

1
4 441E-16
-1.443E-15
a
-4 441E-16
2.443E-15

o
-2.442E-15
2.22E-18

[t}
4 441E-16
a
o
o
-6.551E-18

a
1.972E-31
-f.408E-31
2.083E-30
1}

a

o
-1.972E-31
B.409E-31
[t}
1.972E-31
1.085E-30
-3.626E-30
o
-1.085E-30
5.966E-30

4 441E-16
1443515

i
-4 441E-16
2 442E-15

1]
-2 447615
2.22E-18

o
4 441E-16
1}
1]
1]
-5.551E-18

L1}
1.872E-31
-6.400E-31
2.083E-30
1}

1}

1]
-18726-31
B.409E-31

1.972E-31

1.085E-30
-3.626)

-1.085
5.966

Parameters fai'v'1

1
4 441E-16 4 441E-16
-1.443E-15 -1.443E-15
[1} 0
-4 441E-16 -4 441E-18
2.443E-15  2442E-15
a
-2.447E-14
2.22E-16

1]
-2 442615
2.22E-18

1} o
441 E-16 4 441E-16
[1} 1}

a 1]

a 1]
-5.551E-16 -5.551E-16
1} o
[1} L1}
1.972E-31  1.872E-31
-6.408E-31 -6 400E-31
2.083E-30  2083E-30
1} 1}
[1} 1}
a 1]
-1.972E-31 -18726-31
B.409E-31  B.409E-31

0
1.972E-31
085E-30

i}
1.972E-31
085E-30

SRR EEEEEEEEEEEE e EEEEEEEEEE

w3

i=[=[=[== === === == === = === === === == === === =]=]

i}

SRR EEEEEEEEEEEE e EEEEEEEEEE

=

&

o[ [ [ [ [ = [ = = 2

The following window will come up. Under “To Book” select “(new book)” and click the “Create a copy” at

the bottom.

7]
,7
setups.xds |7

T
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Go back to the Lots of RSE Eqn_setups sheet and close it. Save your new file as “Feasibility Investigate”.
Click Insert and select “Worksheet”. Go back to JMP and copy the highlighted area by going to Edit and select Copy.
Go back to Excel and go to Edit and then Paste Special, and then paste as Unicode Text. Your RSE coefficients will

then be pasted into different cells on the new worksheet.

N Microsofi Excel - Book2 _ O =
ﬁﬁﬂe Edit View [msert Fomnat Tools Data Window Cell Run Help _|E| 1[

DEEESRY | 2BBI 0.

g@\z £ 8] Ei|ﬂ Q’E|mn%v‘@

GEnEYa mo 8

B I U|

B $ % . W

|iv&vA_.

i un o [

B ) i

Al

lal<> /| MED| 8 e e (B = W
|

1

(e

|

Metrics

Coefficient values

L sf
=ERel R dE =

Ready

[ Bum=107503493% | [ WM [ [
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For this example, switch to the “16 var” sheet. Note, this template was set up for only 5 responses (Y1
through Y5). We have 8 responses so we need to add some more columns. To do so, click in column “I”” header and go
to Edit and select Copy. Then go to Insert and select Copied Cells. Excel adds an exact copy as you can see below.
You need to copy the last column of responses (in this case Y5) and then insert that column. Make sure you check that
the formulas were copied. Change the generic response names from Y1 and so on to your actual response names (i.e.,
TOGW). You should also put them in the row that contains the cell called “Parameters for:” to the right of all of the
ZEeros.

[]
0
0
0
o
o
0
0
0
0
o
o
o
L]
0
[
0
0
0
0
0
0
0
L]
0
0
L]
o
0
0
[}
0
o
[}
L}
[]
0

X Microsofi Excel - Feasihility_Imvestigaie

[[E]

| E— ]
o | BEA G
A il

(]

Parameters for''1

[plehl=llRE= Rl -

Y ] A =)
[ Bm=d MM T
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Go back to the sheet where you pasted your coefficients from JMP and highlight cell A3 through the bottom
of the coefficients, in this case that would be cell I155. Copy and then switch back to the “16 Var” sheet. Make the

active cell the one DIRECTLY under the cell with “Parameters for:”

in it. In this case, it would be J5 and then paste

your info as shown below. You will see that column E through L fills out with numbers besides “0”. Now, you need to
change the input variables (X1 through X16) to your actual variable names. In this case, X1 corresponded to
Wing Area, X2 was T/W, and so on. Do this for cells A6 through A21 and then A25 through A40 and A46-A61. You
should put in your baseline values (in dimensional form) in cells B6 through B21. Then add the ranges that you used in
your analysis code for the DoE. Put the minimum and maximum values in B25-B40 and C25-C40, respectively.

IMPORTANT: Check to
make sure cell references in
the eauations are correct

RSE coefficients
from JMP

S)File Edit View Lwet Forust ook Dsta Window Cell R Help
EHERY LBE o |8e|s A8 nee o g Summed value of
Geneva SER | B %, W |[Z-a-A| RSE for current
n —
Lol L Tt ) S
MS
= | Add starting values I .
Response: TOGW TO ROT&E FIRPM
97306037 11457 054 154 78500 10915955 mawaaee 10915955 T08.16066] 11255407
Actual Values Parameters for TOGYY
variablas: bD O73060.37 11467.084 16428509 10918966 100.18965 10818856 1041 112 57407 [Iarcept
X0 b [ 0
¥ 234 b2 0 i i 0 i 0 i
X3 1615 b3 0 i i 0 i 0 i
¥ 025 b4 0 i i
W6 248 b5 -3B20E-11 -3.755E-13 -2837E-15 -4.821E-16 -4821E-16 -4871E-16 -48Z1E-16  -552E-16
¥ 223 [ 0 i (il 0 i 0 i
w228 b7 1883E11 5125E13 1513E15 S547TENE S547E-16 S54TE16 S5S4TE16 2833E-16
X 0515 ] 0 i i 0 i 0 i
x@ 8000 b3 0 i i 0 i 0 i
€0 01 b10 0 i i 0 i 0 i
R b1 0 i i 0 i 0 i
x2 3 b2 0 i i 0 i 0 i
¥3 560 b3 0 i i 0 i 0 i
8] x4 1 b4 0 i il 0 il 0 il
20| x5 450 b5 0 i i 0 i 0 i
21| xi6 b6 0 i i 0 i 0 i
[22 | (Currently this is the baseline config b1 a 0 0 a 0 a 0
23] b21 0 i i 0 i 0 i
24 |Ranges: Lawer Limit Upper Limnit] b22 a o 0 a 0 a 0
25 « 0 0 [ 0 [ 0 [
6] x2 218 25 0 i i 0 i 0 i
7] ¢ 164 1.60 0 i i 0 i 0 i
28] ¢ o022 e 0 i i 0 i 0 i
[29] 5 24 2 0 i i 0 i 0 i
@] % 21 236 0 i i 0 i 0 i
@1 « 219 237 0 i il 0 il 0 il
32| =« 043 0.6 0 i i 0 i 0 i
33| xa 7000 000 0 i i 0 i 0 i
[34] 012 0 i i 0 i 0 i
(35 5 i 0 i
36 4 1E-31 -221E-31 -221E-31 -8501E-32|8
37] 70 Add real ranges i 0 0 0
38 11 . il 0 il
30 550 i 0 i
e ) of variables here g p g
FE1 T T i T i 0 i
. 11 v
Change variable names E8Er ek
Ready |1 Bum=1075934.935 | | [0 | ]

Once you have supplied all the info, now you are ready to run Crystal Ball.

crosoft Excel - Feasihility_Tmestigate
Em Edit View Insert Fomat Tools Data Window Cell Ran Help

DZ2RERy¥ BRI = e[z s ax Aug gmm -
Tines Newhoman =10 =B Z 0 |
L w| A& s B e = I--|%malﬁm | &
[ o E F | & H [l | K[ L [ M ] 5] PZI'
Respomse:  TOGW TOFL Vapp FlyQOver  Sideline Aogd EDT&E  $/REM
‘ B37264 13‘ 10327 291| 155 Dilﬁi‘ 10739508| 107 39508| 107.39508| 10732508 11018376
Parameters fo TOGWW TOFL Vapp
ariables: b0 57306037 114670%4 16428539 102 18966 10918966 102.18%66 10918966 112.574%7 Intercept 87306037 11467094 1642
Wing_hrea 20024 bl 29277271 40523256 27844348 02504765 02504785 02504765 02504765 -0.0290143 Wing_Area -88685172 -12274815 -8.43
W 03034 b2 -13343.205 31754157 -1.1000544 05450185 03450185 035430185 05450185 -0.5022242 TIW 40442 107 -38224719 3332
TIT 3248 b3 42635285 3627185 03481791 -01687523 01687523 -0.1687523 01687523 -0.0282827 TIT 17764706 15113271 1.44%
b4 FFE -15273645 18374228 -1 230
b5 -14858.247 -153.7218 -1.2024904 -01%73735 -0.1%73735 -01%73735 01973735 -0.2259804 OFR -14859247  -1537218 -120%
bE -18330.51% 288 81865 -1.5315176 -043522983 04522983 -04522983 043522983 -0.2721921 CLdesign -18530.519 26861885 -1 531
b7 -7708.4877 -209.83015 -06193227 -02271177 -0.2271177 -02271177 02271177 -0.115968% £2 -7708.4877 -209 83015 0615
b3 26319872 34799951 21427579 06111348 0£111343 06111348 08111348 03681538 X3 -28312672 34799951 -214%
bE -p3431424 -13509659 -005534%6 -00056703 -0.0056703 -00056703 -0.0056703 -0.0053527 E4 -1378 944 -30.23838% 0120
bl0  B262E-12 523E-14 £539E-16 1001E-15 1001E-15 100IE-15 1001E-15 1351E-16 X5 -3382.7116 -21.412354 0283
bll -27971.732 68341854 -223846538 -10511842 -1.0511642 -10511642 -10511642 -04248733 Z6 27971732 68341854 2284
bl2 a 0 0 ¥2 36367791 45936007 002
bl3  -1606035% -214 56394 -1318822 -0.229357¢4 023293574 -02293574 02283574  -0339273 tie_root -18060.3% -214 56334 -1351
bl4 4280861 -43045425 34707654 -0.4228683 04226683 -04228683 04226683 -0.5160344 tio_tip 4260851 43046425 347
bl5 -12793314 -221 21045 -1.0471345 -0.10%9555 -0.1099555 -0.1098555 -0.10%2555 -0.1885037 HT _ref’ 12793314 22121045 1047
bls 37132005 32872155 3028709 00513493 00513493 00513493 0.051493 -0.0491408 VT ref 37132005 32872155 0,30
bll 14071942 28%9111% 0.181044% 00220813 00220815 00220813 00220813 00192831 Wing_Area*' 12911458 266.00281 166
b2l 25614982 -25.550188 02252321 -0031997 0031977 0031977 -DO31977 -0.0374593 TAWVWing . 23695644 2346085 -20¢
b22 2096952 82219806 0.1700087 00445528 00445928 00443928 00445928 0026523 T Trw 19255758 75500281 1.5¢
b3l BR4.5296E 11120266 0.0774547 00121892 00121692 00121692 00121692 00116989 TIT*Wing £ -L1290005 -140.35069 -0.975
32 -1114.0931 -17.071243 -00852097 -0.0276523 00276923 -00276923 -0.0278923 -0.0239209 TIT*T/W 14086 833 215546 108
b33 15096014 158113962 0127362 00328919 00326919 00328919 00328919 00079489 TIT*TIT 26208358 274.50281 221
bl a ] ] a ] a o 0 FPE*Wing £ 64880775 94 889905 058%
b42 0 il il 0 il 0 i O FPRFTIW 92796392 -BOITITIE -0.J1E
L2k a ] ] a ] a o 0 FPE*TIT -10157.182 -11351358 0824
bd4 0 il il 0 il 0 i O FPRAFPR  -5739.2921 77497191 048
b5l -1688 8002 -22873499 -0.1512133 -00261152 00281152 -00261152 00261152 -0.0258349 OPR*Wmg , 51149037 62303813 045
bS2 27334008 26482212 02181835 00258202 0.0258202 00258202 00258202 0.0414146 OPR*TAW  -8283.03285 -B0249126 -0.86¢
bS53 97301753 -11.118865 -00789914 -00198836 00198636 -00198638 00198638 -0.0156873 OPR*TIT 4054 2397 -48 319438 0326
o4 o o o 0 OFE*FFR 638 59624 14.71878  0.047
R 0,44 b -10; 42125997191 01 00370495 00370495 00370495 -0 0370425 N N142435 OPR*0OPR -10R8 3421 25097191 ) =X
[y omshestt, 1o var 14 i Tl
”D;awv AntoShapes = N [ O 4|&-ﬁ~A_-E_E.@EmE}E‘
Rezdy [ s o e i
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Running Crystal Ball: A Monte Carlo Simulation

This is probably the easiest and quickest part of the whole method. You should still have your Excel
spreadsheet from above open. Crystal Ball is already linked to Excel. If you do not have the drop menus in Excel
entitled Cell and Run, contact Dr. Kirby. Else, let’s continue. First you need to tell Crystal Ball which cells you want
to vary. In this example, you will be doing your 7 design variables. So, highlight the 7 cells as shown below. Then, go
to Cell and select Define Assumption.

|[S1F Bat Vew et Fomat Toos Dete Window |Gl Rw Bep . &lx

| 20 |WT_ref

= ]
(Currently this is the baseline confiz.)

e

omdd
CEEE

CLdesizn

EEE R L

Wing_Area 7500
029
3000

|
[

Lovwrer Limit Upper Limit

2000

] ]

Resporse:  TOGW

8372641

73060,
2021727
-13398.20.
4263.529.

(
-14859 24
-18530,514
~7708.487
26319 67

27971732 68341854 -2.2846533
12 0 0 0

141 0 0 0
142 0 0 0
LX) 0 0 0
144 0 0 0

x

g 1
£9508] 11018376 207.88841] 15076963 01134768

8966 112.57497 22451978
-0.0290148 -0.5621112
-0.5023242 29959783
-0.0282927  0.3783747

0 0
-0.2259804 -14968479
-0.2721921 -1.8362503
-0.1159589 -0.7495381
03681538 3294586

-634.31424 -1350@653 -0.0553436 -0.0056703 -0.0053527 01234333
8262E-12  523E-14 6.539E16 1001E-15 1351E16 S93E18
-1.0511642

-0.4248733 -2.1145009
0 0 0

Bl3 -16060.39 -214.56394 -1318822 02293574 0235273 -2.9149314
bl4 4260861 43046425 34707654 04228683 -0.6160344 -3.5815862
B15 -12793314 -221.21045 -10471345 -01093555 -01885037 -1.543871
ble -37132005 32872155 03028709 0.0513493 -0.0491408 -0.3540901
b1l 1407.1942 28991119 01810449 00220813 00192831 0.1429632
b21 -2581.4982 -25.559188 -0.2252321 0031977 -0.0374593 -0.2532196
b22 2096952 £2219806 01700087 0.0445928 0026523 0.2210379
B3] 89452968 11.120266 00774547 00121692 00116989 0.0856137
b32 -1114.0931 -17.071243 -0.0862097 -0.0276923 -0.0239209 -0.1099485
b33 15096014 15811362 027362 00328919 00079489 0.1541795

0 0 0
0 0 0
0 0 0
0 0 0

bS] -1683.6002 -22.879499 -0.1512133 -0.0261152 -0.0258349 -0.1602143
b52 27334008 26482212 02181835 00258202 00414146 02783387
bS53 97300753 -11.116665 -0.0789914 -0.0198538 -0.0156873 -0.085911%

Farameters fo TOGW.

16298379 0.127727 Infercept
82230756 0.0003976 Wing_Area
-190,62351 -0.0013005 T/AW

26612147 0.0004533 TIT

0 0 FPR
-108.35697 -0.0014704 OFR
-12512503 0001963 CLdesign
-52.536655 -0.0007876 X2
-273.70632 -0.0026404 X3

20371207 -0.0001036 X4

3029E-14 905E-19 XS
-114.46693 -0.0030145 X6

0 02
-279.83475 -0.0014389 tis_yoot
-221.12842 -0.0045378 tfe_tip
-112.26835 -0.0012899 HT el
-25.R7069 -0.0003652 VT_zef

10266565 0.0001567 Wing_Area*”
-17.871106 -0.0002691 T/AW*Wing .

16083062 0.0002203 TAw+T/W

61299762 9 .4B8E-05 TIT*Wing_{
-7.8997112 -0.0001161 TIT*TI%

10.78347 00001407 TIT*TIT
0 0 FPR*Wing_{
0 0 FPRYTIW
0 0 FPR*TIT
0 0 FPRYFPR

-11.389291 -0.0001304 QPR*Wing_,
12.937381  0.000281% OPR*T/W
-6.0488102 -0.0001041 OPR*TIT
0 0 OFR*FER.
N (ON1NA2. OPR*OPR

973060.37
8868 3172
40449.107
17764706
15273845
-14859.247
-18530.518
77084877
26319672
-1378.944
33827118
27971732
36367791
-16060.39

42608.61
12793314
37132005
12911 458
23695644
19255758
-11290005
14066 333
26208358
5486.0775
-9279.6392
-10157.182
-5739.2921
51149037
-8283.0326
4054 2397
36,5962
-1NRR 3421

TOFL

11467094
12274815
-962.24719

15113271
-183.74226

-153.7218
-268 61865
209 83015

34.799951
-30.238389
-21.412354

68341854

45336007
-214.56394

43046425

221 21045
32872153

266.00281

-234.6085

75500281
14035069

215,546

274 50281

94669905
-80.177718
-113.51366
77497191

69303813
-80.243126
45319438

14.71678
25997191

1S [=1 B3

Wapp

1642
-B.434

333
1447
-1.23C
-1.20z
-1531
-081S
-2.142
012t
-0.267
2284
0.02¢
=131
347
1043
0302
16¢
-2.0¢
1.5¢
0977
1.08g
221
0565
-071%
0824
048
04:
-0.5¢
-0.326
0.047

Iy
I’[

I+ 1

| Bum=izteddzas [ [ MM [ [

You will get the below window. For the feasibility investigation (i.e., design variable variation), you want all
of your variables to be defined by a uniform distribution. Click in the uniform region and then hit OK.

Cell B6: Distribution Gallery [ x]
“ Triangular Poisson Binomial
Lognormal Uniform Exponential Geometric
Weibull Beta Hypergeometric Cugtom
0K I Qancell More | Fit... | Help |

Your first variable will come up as shown in the next window. In this example, it is AR (wing aspect ratio).
You need to modify the distribution range by clicking in the Min and Max cells and changing the values to the ranges

you used in your DoE.

Cell B6: Uniform Distribution

‘Wing Area
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This is shown in the following window. Once you have done that, click OK. Repeat this for EVERY design

variable. When you are done, the cells that you hi

Now you need to define your forecasts (i.e., what you are interested in tracking). In this
responses TOGW, TOFL, etc.. Highlight these 8 cells as shown below.

X Microsoft Excel - Feasibility_bwvestigaie

[

Ilr- EH & v

[[Fives ow Ranan 1

[~
E3

[T [

]

Actual Valies
Varizbles
Wing_Area

=

334
HEa

EIRE
BOEEE

V2
tie_roat
the_tip

33
s s
(4

Gty (455 i A e e )

Lorwer Limit Tpper Limit

| 28 [Wing_irea 7500 2000
T 029 033
|27 |T1IT 3000 3400
FPR 3.5 45
|23 |orR 18 21
[E0cLaesion 002 012
EL e 154 169
|20 x3 21 236
|33 x4 24 258
|34 s 219 237
X6 218 25
|36 |v2 044 058
i oot 3 s
|38 |t/ _tip 2 4
HT ref 400 700
VT xf 350 550
alpha = 1

==

[ Bum=ssgassgssy [ [ w0

b3
b6
b7
1
1T
bl0
BL1
bl2
Bl3
bl4
BlS
blE
BL1
b2l
b22

hli

Cell B6: Uniform Disirihution

973080.37
2927.7271
-13348.205
4263.5295
i

-14859.247
-18530.519
STT08ARTT
-26319.672
63431424
2262E-12
27971732
[i]
-16060.33
42608 61
12793314
-3713.2005
1407.1942
2581 4982
2096952
894 52968
-1114.0931
1509.6014
[i]

i

[}

i
-1688.6002

27334008
97301753

-1088.3421
-1370.9407
72326704
22422945

i
12627238
-1021.7921
-139 36886
568797463

‘Wing Area

hted will chan

Lue B 11| B ) | @ i

11467.094
40523256
31754157
3627185
[

1537218
26861865
209 83015
34.799951
13909659

523E-14
-683.41854
[i]
21456394
43046425
22121045

32872155
28991119
25559188
82219806

11120266
17071243

15811362

[i]
i
[}

i
22879499

26482212
-11.116865

[1]
25997191
-20.127027
29976649

0.8743243

[

81382322
45497191
-11.152085
-8.5982782

16428599
2.7844348
-1.1000544
03461751
[

-1.2024904
15315176
06193227
21427579
-0.0553496
6.539E-16
22846538
[i]
-1318822
34707634
-1.0471345
03028709
01810449
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ge colors. This means they are ready to go.

case, it is the 8

Click the Cell menu and select the Define Forecast option. You will get the following window. This is telling
Crystal Ball that these cells are what you want to keep track of. Make sure that the Forecast Window Size is selected
as Small, and the window is displayed When Stopped. Then click OK. Another window will pop up for the next
metric. Do the same thing for all and when you are done, the forecast cells will change colors. Also, if the correct name
of your response is not listed beside the “Forecast Name:” you may enter it at this time.

Cell E3: Define Forecast

Forecast Name:

x|

Units: I

¥ Show Window:

Initial Window Size: & Small

" Large

 “While Running
 \When Stopped

[ox ]

Cancel

Less <<

Set Default |

ES
K2

Window.

Precision

Filter

Pk

>>

Help
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Go to the Run menu and select the Run Preferences option. Click on the Trials button and make sure it
looks like the one below.

Run Preferences

Trials
Maximum Number of Trials: |LLUfUIY
Sampling

¥ Stop On Calculation Errors Speed

[ Enable Precision Control Macros

Confidence Level: |95.0 % =
Options

[Set Precision in Define Forecast Dialog)

FEEEEL

Turbo

0K | Cancell Help |

Then click on the Sampling button and make sure it looks like the one below.

unpreferences x|
—~PRandom Number Generation M
[~ Use Same Seq of Random Mumbers Sampling I
Initial Seed Value: [
Speed |
- Sampling Method Macros |
# Monte Carlo " Latin Hypercube
opti |
Sample Size for Correlation and Tudog |

Latin Hypercube: |5l]l]

<< >

£
i3

0K | Cancell Help |

Then click on the Speed button and make it look like this one.

3

x

Run Preferences

& Microsoft Excel [fastest]

Turbo

Trial
—Burst Mode fa’s |
[” Use Burst Mode When Able Sampli |
pling
Burst Amount: (§
|
~Minimize While R
Macros
° Mothing —I
 All Spreadsheets [faster] Options |

v Suppress Forecast Windows

<< >

B
B

0K | Cancell Help |

Then click on the Options button and make it look like this one.

 Show Percentiles as
& Probability below a value

Runpreferences x
Trials
Update Forecast Windows and Check
Precision Every (1 Trials Sampling
—Run Opti
Speed
[ Calculate Sensitivity p—l
[ Turn Off Correlations Macros

Turbo
" Probability above a value

>

B
v

0K Cancel Help
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You are now ready to run Crystal Ball!!!!!!. Go to the Run menu and select Run. Excel will automatically
minimize itself to run faster. When Excel/Crystal Ball is done running the 10,000 simulations, it will pop back up with

the following. Click OK.

Crypstal Ball

Maximum number of trials reached.

Help |

Once you click OK, the forecast windows will pop up as shown below. The windows are tiled and are the
frequency distributions for your metrics as a function of the 7 design variables you had. You can sit and play with all
of these windows. Look at the different options and the preferences. Crystal Ball is very straightforward.
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One of the more interesting features of Crystal Ball is the Overlay Option. Go to Run and select Open
Overlay Chart and the window below will open. Click the button Add Forecast... .

Y Overlay Chart
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The window below will open. Now you can add different forecasts (responses) and look at them concurrently.

Choose Forecasts

H3: FlyOver
13: Sideline

Let’s look at the Flyover and the Sideline Noise. Click the Flyover and then click Choose, do the same for
Sideline and select OK. The window below will come up and show you where the design space lies for the Sideline
and Flyover noise level. Play with the “Preferences" and “Views” to get exactly the picture you want. You can also
copy the Overlay chart by going to Edit and then Copy.

S Overlay Chart

What you really want from the Monte Carlo Simulation are the values of the metrics for different probability
levels. So, go under Run and select Extract Data and the window below will pop up. Make sure yours looks like the
one below. Click OK. Or you can extract other info that interests you.

Extract Data
~Type of Data———— ~Forecasts —Percentiles
¢ Forecast Yalues & Al  Quartiles [25%)
" Statistics ' Chogen... " Quintiles [20%)
& Percentiles < Open " Deciles [10%)
" Frequency Counts &~ Icosatiles [5%4)
¢ Cumulative Counts & 2.5, 5,50, 95, 97.5% - tiles
€ Sensitivity Data 10, 25, 50, 75, 90% - tiles
Cancel Help
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Excel/Crystal Ball will open another worksheet that looks like the one below. These are your response values
for different probability percentages. In this form, you can make plots in Excel and overlay any other info you want.

X Microsofi Excel - DATAL

[[Fssorsser w0 a)

[~om ]

Percentiles TOGW TOFL

0% B62,670.39 6574.31
5% 927,499 65 a/17.7a
10% 342.006.04 1013862
16% 951,623.63 10,383.87
20% 960 664.03 10,597 88
25% 966,066.94 10,797 65
0% 975,497.30 10,989.62
35% 982 615,67 11.161 76
40% 986,727.26 11.327.09
45% 9494,660.681 11.497.31
B0% 1.001.145 B& 11.67353
B5% 1.007.456.01 11.841.19
60% 1.013.973.39 12,008.20
EE% 1.021.008.37 12,187 26
0% 1.025538.32 12,366.53
7% 1,037,055.72 12,566.00
B0% 1.047.021.32 12,805 41
65% 1.058,758.75 1306418
0% 1,074.710.82 13,395.46
95% 1,099,342 99 13,890 43
1.244.872.10 16.505.10

| | I 7 I

Step b: Determine System Feasibility and Viability

Once you have the results of the Monte Carlo Simulation, you want to compare your results to your targets.
An example plot is shown below. The TOFL is the metric. The constraint is 11,000 ft as shown. The probability, or
amount of the design space investigated, that will satisfy the constraint value is 31.5%. You need to make a plot like
this for every metric that you are considering. Recall the CDF that you have represents all the possible geometric
combinations as bound by the design variable ranges that you defined. Finally, tabulate your results and find out which
constraint is hurting your feasibility and viability.
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Step 6. Specity Technology Alternatives

The objective of this step is three fold. One, identify potential technologies that may improve technical
feasibility and economic viability of your vehicle. Second, establish physical compatibility rules for the different
technologies identified. Third, determine the expected impact, both improvements and degradations, to the system of
interest. The impact of a technology can be qualitatively assessed with technology metric “k” factors. These “k” factors
modify disciplinary technical metrics, such as specific fuel consumption, cruise drag, and/or component weights that
result from some analysis or sizing tool. The modification is essentially a change in the technical metric, either
enhancement or degradation. In effect, the “k” factors simulate the discontinuity in benefits and/or penalties associated
with the addition of a new technology. Once you have identified the impacts, you need to match the “k” factors to the
appropriate FLOPS/ALCCA variables and namelists.

For step 6, the potential technologies are identified from the Morphological Matrix you created in Step 2. For
the HSCT, eleven technologies and technology programs are considered. The technologies along with the primary
purposes were identified through a literature search of potential sub-component. It is important to identify technology
that will assist “show-stoppers”. In the HSCT example, the “show-stoppers” are noise and economic factors. Two
technologies that assisted the sound metrics are being considered. The other technologies selected are an attempt to
improve the economic metrics through secondary effects. The “Show-stoppers” have a large influence on what
technologies you select to consider adding to your design.

Technology Readiness Level

Many of the identified technologies are in the development stage. It is important to identify how advanced
they are and one way to do this is to use the technology readiness level. The technology readiness level (TRL)
represents the amount of progress that has been made on a technology. On a scale of one to nine, the higher TRL a
technology has the more tests and integration it has gone through. A higher TRL is also associated with less
uncertainty concerning the final impact, so when evaluating the impact of the technologies on the vehicle, less
uncertainty will need to be incorporated. The TRL of a technology affects the certainty of the outcome, and when
evaluating technologies with lower TRLs on the vehicle there is a lower probability of having a feasible and viable
design.

Table 6: Technology Readiness Levels

Description Level Qualifier or Development Hurdle
Basic Research | Basic scientific/engineering principles observed and
reported
Feasibility ) Technology concept, application, and potential benefits
Research formulated (candidate system selected)
Feasibility 3 Analytic and/or experimental proof-of-concept completed
Research (proof of critical function or characteristic)
Technology 4 System concept observed in laboratory environment
Development (breadboard test)
Technology 5 System concept tested and potential benefits substantiated in
Development a controlled relevant environment
System 6 Prototype of system concept is demonstrated in a relevant
Development environment
System 7 System prototype is tested and potential benefits
Development substantiated more broadly in a relevant environment
Operational g Actual system constructed and demonstrated, and benefits
Verification substantiated in a relevant environment
Operational 9
Verification Operational use of actual system tested, and benefits proven
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Table 7: HSCT Technologies

(Identifier) Technology TRL Primary Purpose
(T1) Composite Wing 3 |Wing weight reduction
(T2) Composite Fuselage 3 |Fuselage weight reduction
(T3) Circulation Control 4 |Increased low speed performance
(T4) Hybrid Laminar Flow Control 3 |Cruise drag reduction
(T5) Environmental Engines 3 |Reduce noise, fuel burn, and emissions
(T6) Advanced Flight Deck Systems 4 |Synthetic vision removes fuselage nose droop weight penalty
(T7) Advanced Propulsion Materials 3 |High temp. materials, reduced engine weight, lower fuel burn
(T8) Integrally Stiffened Aluminum Wing Structure 4 |Wing weight and part complexity reduction
(T9) Smart Wing Structures 3 |Reduced flutter and wing weight
(T10) Active Flow Control 3 |Cruise drag reduction
(T11) Active Acoustic Control 3 |Noise suppression

Compatibility Matrix

It is not possible, however, to add all of these technologies onto a single design because some are
incompatible. Technologies are incompatible when they compete for the same space on the aircraft or when one
technology causes extreme degradation in the function or integrity of another. For example, technologies 1 and 8, the
composite wing and the integrally stiffened aluminum wing structure, are incompatible because they are competing
wing material technologies. All of the incompatibilities in the technology compatibility matrix (TCM) below result
from this competition for the same design space or from extreme degradation effects.

Now you need to provide a compatibility matrix for your technologies. This matrix formalizes which
technologies are physically compatible and as a by-product, reduces the number of alternatives to evaluate. This is
important if the number of technologies considered for application is large and the combinatorial problem is out of
hand. A sample compatibility matrix is shown below for 11 technologies. A “1” represent compatible technologies
while a “0” implies an incompatible combination. The TCM is a symmetric matrix so only half of it is filled in. A TCM
is easily created by researching the possible technologies and seeing which ones compete for design space or severely
degrade the intended function or integrity of the technologies.

| Aircraft Morphing

& 3 § z Z E E <= =
=) © =} < oS —
g = £ 2| 5 | & 2288 £ |3
s o
= : 8 By kRN
- . = 3
Compatibility Matrix 8 B = 2 8 ~ = £5 839 2 ©
. M . 7] 2 =] =) 5 ) =l &2 E 2 ) o
(1: compatible, 0: incompatible) g Z = = 2 ’ S SElag = -
E | = | 3 s 2 | 2 29 @8 v 2
S £ 2 = ) & XElSE £ g
© 2 o} = = o =35 28 154 <
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Tl T2 T3 T4 TS T6 T7 T8 T9 T10 T11

Composite Wing 1 1 1 0 1 1 1 0 0 0 0

Composite Fuselage 1 1 1 1 1 1 1 1 1 1

Circulation Control 1 1 1 1 1 1 1 1 1
HLFC 1 1 1 1 0 0 0 1
Environmental Engines 1 1 1 1 1 1 0
Flight Deck Systems 1 1 1 0 1 1
Propulsion Materials 1 0 1 1 1

Integrally, Stiffened Aluminum Airframe
Structures (wing)

Smart Wing Structures (Active
Aeroelastic Control)

Active Flow Control 1 1

Aircraft Morphing

Acoustic Control 1
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Technology Impact Matrix

Once the compatibility matrix is determined, the influence of infusing these technologies must be determined.
This is difficult to evaluate directly, but it can be quantitatively evaluated through “k” factors. These “k” factors
describe the potential system and sub-system level impacts of each technology. The impact must include benefits and
degradations to the entire system. These “k” factors allow for the impact of the technologies to be evaluated using an
M&S environment.

The impact of each technology is determined through physics based modeling, literary research and
questioning experts. This impact is based on the upper limit of the technology at full maturity and widespread
application. The impact for each “k” factor defines a “k” vector for the technology. A technology may not have an
influence in all of the “k” factors. The “k” vectors for each technology are combined into the Technology Impact
Matrix (TIM).

An example TIM is shown below for the HSCT example. Also note to the right is the max and min values that
a given “k” factor could ever achieve if all technologies were “on”. The minimum and maximum values define the
ranges you will use for the generation of your metric RSEs as a function of “k” factors, in lieu of design variables.
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Technical K_Factor Vector ] Tl T2 T3 T4 T5 T6 T7 T8 T9 T10 T11 Min Max
«n  |Wing Weight -20% +5% -10% = -5% +2% -35% +7%
‘& [Fuselage Weight -25% -15% -40% 0%
g Engine Weight 1% | +40% -10% 5% | -10% +46%
© [Electrical Weight +5%  +1% +2% | +5% +5% 2% @ 2% 0% +22%
E Avionics Weight +5% 2% | +5% 2% +5% 2% 0% +21%
& [|Surface Controls Weight -5% +5% +5% -5% +10%
O  |Hydraulics Weight -5% +5% -5% +5%
[_f Noise Suppression -10% -1% -10% -21% 0%
| [Subsonic Drag 2% | 2% -10% -5% -19% 0%
F_A' Supersonic Drag -2% -2% -15% -5% -24% 0%
8 Subsonic Fuel Flow +1% +1% @ 2% -4% +1% -6% +3%
‘S |Supersonic Fuel Flow +1% 2% -4% -6% +1%
% Maximum Lift Coefficient +15% 0% +15%
g O&S +2% 2% @ 2% 2% 2% +2% 2% 2% 2%  +1% 2% +17%
RDT&E 4% +4% 2% 2% 4% 2%  +4% +5%  +5% @ +5% 0% +39%
Production costs +8% +8%  +3%  +5% 2% +1% 3% -3% -3% -3% -3% -12% +30%
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Now you need to map these “k” factors to actual inputs to FLOPS/ALCCA (or your analysis code) and
useable values. An example is shown below for the TIM provided above. Each of the “k” factors is mapped to a
FLOPS/ALCCA input and namelist. The baseline values are established so as to determine how to deviate the input
variable in accordance with a DoE. For example, the baseline engine weight is 9,238 1b. The minimum value is
determined by the following: 9,238+9,238%(-0.1)=8314.2. The maximum is then 9,238+9,238*(0.46)=13487.48.
Hence, the non-dimensional baseline value is —0.6428. You need to understand the dimensional minimum and
maximum of your “k” factors if the non-dimensional impact is NOT symmetric about your baseline dimensional
values. This is important for when you map the technologies to your RSEs.

Dimensional impact  [Non-dimensional impact
Variable Namelist Baseline Non—D}mensmnal Min Max Min (%) Max (%)
- value Baseline Value

Wing Weight FRWI WTIN 1 0.666666667 0.65 1.07 -35 7

Fuselage Weight FRFU WTIN 1 1 0.60 1.00 -40 0

Engine Weight WENG WTIN 9238 -0.642857143 831420 13487.48 -10 46
» ||Electrical Weight WELEC WTIN 1 -1 1.00 1.22 0 22
£ ||Avionics Weight WAVONC WTIN 1 -1 1.00 1.21 0 21
Lifl Surface Controls Weight FRSC WTIN 1 -0.333333333 0.95 1.10 -5 10
» | |Hydraulics Weight WHYD WTIN 1 0 0.95 1.05 -5 5
E Noise Suppression FSUPP n/a 1 1 0.79 1.00 221 0
§ Subsonic Drag FCDSUB MISSIN 1 1 0.81 1.00 -19 0
G Supersonic Drag FCDSUP MISSIN 1 1 0.76 1.00 -24 0
E Subsonic Fuel Flow FFFSUB ENGDIN 1 0.333333333 0.94 1.03 -6 3
2 ||Supersonic Fuel Flow FFFSUP ENGDIN 1 0.714285714 0.94 1.01 -6 1
& | |Maximum Lift Coefficient CLMAX AERIN 1 -1 1.00 1.15 0 15

0&S AKOANDS IWGT 0 -0.789473684 -0.02 0.17 -2 17

RDT&E AKRDTE IWGT 0 -1 0.00 0.39 0 39

Production costs AKPRICE IWGT 0 -0.428571429 -0.12 0.30 -12 30
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Step 7. Assess Technology Alternatives

The technologies identified in Step 6 are now applied to the vehicle concept and evaluated. The evaluation
provides data and information to the decision-maker whereby selection of the proper mix of technologies is performed.
Yet, the search for the mix that will satisfy the customer requirements is dominated by the “curse of dimensionality”.
Depending on the number of technologies (n) considered, the combinatorial problem can be enormous. If all
combinations are physically compatible and assuming only an “on” or “off” condition, then 2" combinations would
exist. In addition, the technology “k” factor vector that influences a vehicle is probabilistic and a cumulative
distribution function (CDF) must be generated for each combination, further complicating the evaluation. If the
computational expense of the analysis is acceptable, a full-factorial investigation could ensue. For the purpose of this
tutorial, the evaluation will be completed deterministically, then probabilistically.

For this tutorial, the computational expense is manageable due to the means by which the technology “k”
vectors are modeled. Consider the TIM given before and a metamodel representation of a system response. If one were
to bind each “k” factor element of the technical vector, a metamodel in the form of a second-order Response Surface
Equation (RSE) could be generated for each of the system level response. Hence, the system response could be defined
as a function of the “k” factors for a fixed geometry using the equation below, through a Design of Experiments.

k k k-1 k
R=by+ Y biki+ > bk + > Y bykik; (1)
i=1 i=1 i=1 j=i+l
To understand the use of the RSE, consider a single technology (T1). If an RSE was generated for three “k”
factors: ki, k,, and ks, it would take on the form:

3 3 2 3
2
R\Tl :bo +(Zbiki +zbiikj +Z Zbljklkj)Tl
i=1 i=1

i=1 j=i+l
R|T1 = bo + (blkl + b2k2 + b3k3 + bllk12 + b22k22 + b33k32 + blelkZ + b13k1k3 + b23k2k3)\7'1

The impact of T1 is to reduce k; by 10%, increase k, 3%, and to have no impact on k;. Using these values in
the RSE yields:

Ry, = b, +b,(=10%) +b,(3%) + by, (~10%)* + by, (3%)° + by, (~10%)(3%)

This procedure is repeated for all of the technologies and metrics that are considered. The coefficients (by, by,
by, etc...) are determined by the least squares analysis of the DoE

To find the RSE, go through the same process that you did in the design space exploration.
e generate a DoE or use one that was created if you have more than 8 variables,

e copy the table to Excel,

e save as “doe.table”,

o take the “doe.table” to UNIX and run the appropriate shell scripts,

e  extract data, and

e  bring data back to JMP and create your RSEs just as you did with the design space

When you go to the model fit of your RSEs, you will get the Technology Impact Forecasting (TIF)
environment, as shown below. This environment allows you to see which discipline will help you most with respect to
improving certain metrics. For example, you can see that “k noise” significantly reduces the SLN (sideline noise) and
FON (flyover noise). In addition, “k supersonic_drag” significantly reduces almost every metric. This is a good
environment to see if you can even get anywhere near your response targets. For example, look at the minimum and
maximum values of the response (on the left). These values represent some arbitrary combination of “k” factor
settings. If the minimum or maximum does not contain the desired metric constraint value, then the technologies that
you are considering will not help you. NO MATTER WHAT COMBINATION. You should identify technologies that
are more aggressive.

Another aspect of this Profiler is that you could reverse engineer the problem and determine what values of
the “k” factors create a feasible configuration. This is the heart of the TIF method. Thus, once the “k” factor values are
established, the decision-maker must identify specific technologies providing the predicted values. The reverse
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approach was taken herein, such that specific technologies were identified for infusion, and the TIF environment was a
fallout of this approach.

Go through the same process of getting your RSE coefficients by analyzing with a Manova as you did
prev1ously Again, take the RSE’s to the Lots of RSE Eqgn_setups Excel file. Save the file as what ever you like. One
oh i get rid of the extra sheets that you don’t need to save some memo

Influence of “k” factor
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Now, you also need to create another JMP file that has a full-factorial DoE for your technologies. To do this,
go back to the JMP Starter menu and select the Full Factorial Design button.

43 JMP - JMP Starter

JMP Starer

Biasic Stats | [ Modeing | [ utivariste DOE

Experimental Design. Define factors and desion a ekl of experimertal runs

— Create @ design tailored to meet specific reguirements.
_ Sift thraugh marry factors ta find the few that have the most sffect

_ Find the best response allowing quadratic effects (curvature).
— Generate all possible combinations of the specified factar settings
@ _ Make inner and outer arrays from signal and noiss factors
f _ Optimize & recipe Tor & mixture of several ingredients.
— A more runs to an existing data tabls. Replicate, add certerpoints, fold
over or add model terms
r _ Plot any two of the pawer to detect an effect, the sample size, and the
A etfect size given the thire, OF compLte one given the other two

And the following screen will pop up. To add the number of technologies that you have, just hit the
Continuous button for as many technologies as you have. In our case, we have 11. So we hit the Continuous button
11 times and then select Continue.

&3 JMP - JMP Siarier

“alues

Full Factorial Design
Specify Factar:

Ao a Continuous or Categorical factor by clicking its button. Double click
on a factor name or level to edit it

aints, fold

a _ Plot any tuwo of the power to detect an effect, the sample size, and the
effect size given the third. Or compute one given the other two
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When you hit Continue the window will expand and look like the window below
Order” to “Keep the Same”, but DO NOT add a center point and then hit Make Table.

Rale

Continuous
Continuous
Continuous
Continuous
Continuaus

Full Factarial Design
D2 D2 2222 Factorial

utput Optio

Run Crder Randamize =

Mumkber of Runs:
Humber of Center Points| 0]
Numper of Replicates | o

2048

airts, fold

andthe

. Again change the “Run

When you are done you will get the DoE below. As you can see, there are 2,048 rows which corresponds to
2", where n=11 (the number of technologies). The factor is 2 since you are only going to consider an “off” or “on”
condition, i.e., “-1” or “+1”. Now you can change the variables from X1 to T1 and X2 to T2 and so on. Add the
appropriate number of response columns and save the file.

Design 2x2x2x 2w 2% 2022
¥ Mocel

All Rows

Selscted

Excluded

Hidlen
Labeled
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Deterministic Evaluation

You will be given a spreadsheet entitled “Calc_deterministic_Full fact tech”. This spreadsheet will take the
above full factorial design and map the technology “k” factors to the metric RSEs generating deterministic results. The
spreadsheet contains 5 sheets: “Full Factorial”, “Results”, “k factor RSE”, “Check Compatibility”, and “Compatible
List” (this one is needed for TOPSIS in step 8) as shown below. The “Full_Factorial” sheet is where you copy your full
factorial design created in JMP. As you can see, the technologies are listed on the left and on the right are the “k”
factors. The purpose of this spreadsheet is to map a specific technology to the “k™ factor values, then convert the
dimensional values to the non-dimensional form, feed those numbers into the “k factor RSE” and calculate the RSEs
and copy the results back to the results sheet. As you see below, this sheet maps the technology to the individual “k”
factors. For example, some of the equations contained in the cells under the “k” factors are provided below, including
the wing weight, engine weight, and hydraulics weight. The conventional value for these “k” factors, i.e. no
technology added, is “1” and 9238 for the engine weight. Hence, if the composite wing is “on”, e.g., $B4=1, then add
—0.2 to the wing weight value of 1, else, don’t add anything, “0”. And if the composite fuselage is “on”, e.g., $C4=1,
then add “0” to the wing weight value of 1, else, don’t add anything, “0”, etc. Of note, consider the engine weight
equation. The conventional technology weight is 9,238 Ibs. Now, if a technology is “on”, then the 9,238 Ibs will
change by a certain percentage as shown in the equation below. It is important to check that the equations match the
“k” factors in the TIM. This spreadsheet is set up for 11 technologies and 16 “k” factors. If you have less than 11
technologies and 16 “k” factors, you need to modify the sheet. Also, if you have different technologies than the ones
listed, you need to modify the spreadsheet. If you have no clue how to do this, just ask Dr. Kirby.

Wing weight:
=1+IF(§B4=1,-0.2,0)+I1F($C4=1,0,0)+IF($D4=1,0,0)+IF($E4=1,0.05,0)+1F($F4=1,0,0)
+IF($G4=1,0,0)+1F($§H4=1,0,0)+IF($14=1,-0.1,0)+IF($J4=1,-0.05,0)+1F($K4=1,0.02,0)+IF($L4=1,0,0)

Engine weight:
=(1+IF($B4=1,0,0)+IF($C4=1,0,0)+IF($D4=1,0,0)+IF($E4=1,0.01,0)+1F($F4=1,0.4,0)+IF($G4=1,0,0)
+IF($H4=1,-0.1,0)+IF($14=1,0,0)+1F($J4=1,0,0)+1F($K4=1,0,0)+IF($L4=1,0.05,0))*9238

Hydraulics weight:
=1+IF(§B4=1,0,0)+IF($C4=1,0,0)+IF($D4=1,-0.05,0)+1F($E4=1,0,0)+1F($F4=1,0,0)
+IF($G4=1,0,0)+IF($H4=1,0,0)+1F($14=1,0,0)+IF($J4=1,0.05,0)+IF($K4=1,0,0)+IF($L4=1,0,0)
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Now look at the sheet called “Results”. In cell B4, the info from translating the impact of a mix of
technologies should be copied into these cells. If you look to the right, starting in column “T”, you will see where the
responses are. At present, the response columns are empty since you haven’t actually calculated the RSEs. How might
you do that? Well, go to Tools and then select Macro and then select Macros.

 Microsoft Exrel - Cale_deterministic_Full_fact_iech
[

Dzl

|

ol | B E

[ [5]x]

[OnAL ALUES FOR JMP
Fuselage — |Hydraulis | Moise | Subsonic | Supersaniz
Weight ‘eight |Suppression|  Drag Drag
000 000 T T TG TG

1000

0850

Subsonic
uel Flow

Paimum Lift
Coefficient

Supersonic
Fuel Flaw s

AoTsE | Produstion
cost:

o000 00 000

1wkl

13025 e
13487.430
13025 550
13487 420
13025580
13487.430
12101780
12663 620
12101.780
12563 620
12101780
12563 650
12101.780
12563 620
12101780
12563 630
12101780
12663 620

2045 0.roo D00 12101.730 1180 140 1000 1000 0530 0880 0510 0.960 0.950 1150
2045 0.700 0600 12563680 1200 1160 1000 1000 0730 0860 0810 0.970 0.950 1150
2047 (k0] 0600 12101.730 1200 1130 1050 1000 0830 0510 0760 0,360 0,350 1150
2048 0ra0 0600 12563680 1220 1210 1050 1000 0730 0510 0760 0.970 0.950 1150
=
=
TIENC) Results ol

cof
] | B T =571

Then you will see the following window with the macro contained in this spreadsheet. It is entitled
“run_techs”. Let’s take a look at what that macro does. Select “run_techs” if it is not highlighted and then select the

Edit button.

&l Spen Workbooks ]
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Then the following window will pop up, if you have the Visual Basic Editor. The macro is commented as to
what it is doing. There are a few hitches here. The macro is set up for 11 technologies for a full factorial evaluation
(2,048 cases) and for 16 “k” factors and 8 responses. This is important due to where the cells are being referenced. For
example, the list of the full factorial cases starts in row 4 and column 2 (or B4) on the sheet “Results”. Since there are
2,048 combination, the index “i” goes from 4 to 2,051. Next, the first occurrence of index “j” corresponds to the
number of “k” factors and the second occurrence corresponds to the number of responses. Your response values must
start in cell E3 on sheet “k factor RSE”. If they do not, you must modify the references in the macro. Also if you have
more or less technologies, then you must change the index for “i”. Finally, if you have more or less “k” factors, then
modify the value of the first occurrence of index “j” and if you have more or less responses, modify the second
occurrence of index “j”. If you modify anything, then save the work and return to Excel.

g Microsoft Visual Basic - Calc_deterministic Full fact techxls

]
| 3

atpvbaen.xls (ATPYBAEN.XLA)
Bootstrp.xla {Bootstrp.xla)
CB.xla {CB.xla)
Decision.xla {Decision.xla)
Double.xla (DOUBLE.XLA)
funcres (FUNCRES.XLA)
Matrix.xla {Matrix.xla)
OptQuest.xla {OPTQUEST.XLA)
Tornado.xla (TORNADO.XLA)
YBAProject (Calc_deterministic
15 Microsoft Excel Objects
; Sheet1 (Full_Factorial)
Sheetz (Results)
Sheet3 (k_factor_RSE)
E Sheet4 (Compatible List)
* 357 Thiswiorkbook
|3 Modules
[}

Option Explicit
Sub run_techs(]
'Note 1 is the number of technology combinations and it stars in row 4

'"Also note that ] corresponds to the nuwber of "k"™ factors for the RSEs for the first loop'

Dim i, 3
For i = 4 To 2051
For 3 = 1 To 16
'set the inputs to the rse's on the sheet k_factor RSE equal to the full factorial walues on the results sheet!

Worksheets ("k factor RSE").Cells(5 + j, Z].Value = Worksheets("Results").cCellsii, j + 1).Value
Next 3
For 3 =1 To &
'set the inputs to the rse's on the sheet k factor RSE equal to the full factorial walues on the results sheet!
'note j corresponds to the # of responses and the response values will be copied starting in coluwmn T '
'also, the response values being picked up are from the k factor R3E sheet in row 3, column e (or 5)'

Worksheets ("Results").Cells(i, J + 19).Value = Worksheets("k_factor RIE").Cells(3, 4 + J].Value
Next J
Next 1
End Zub
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Let’s actually evaluate all of our technology combinations. Go back to Tools and then select Macro and then
select Macros and now select Run. You will see that the cells underneath the responses to the right start to fill out.
The macro will continue to run until it has evaluated all the technology combinations that you provided.

Microsoft Excel - Calc_deterministic_Full fact_tech. MEE
IEY ==l
IR X

I

Full_Factoriall 4
| | | | | | |
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When the macro is finished, you now have the impact of ALL the technologies that you are considering on
the responses that you were interested in as shown below.
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Now let’s get a visual of how the sensitive the responses are to the technologies. To do so:
e Copy all of the values of the metrics as you have done so many times

e  Open your full factorial JIMP file

e Add the appropriate number of columns

e Paste your results

Then, go to Analyze, then Fit Model. When the Fit Model window comes up, select your technologies and
then hit the Macros drop menu and select the Full Factorial option. The full factorial will fill out in the “Model
Effects” window. Then select your responses and click the Y button. Don’t forget turn off the “Center Polynomials”
under the Model Specification drop menu. Once completed, hit Run Model.

JMP - [Fit Model]

reguived

aptionsi

aptional numeric

JMP will sit there for a bit while it is calculating all the statistics. Note, the more technologies you have, the
longer it is going to take. Once JMP is finished, minimize all of the response analysis windows and open a Profiler.

JMP - [HSCT Full Factorial techs: Fit Least Squares]

[RENEN=RE =Ry
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Again, if you have a lot of technologies, it is going to take JMP just a second to create the Profiler. Once the
profiler is up, you now have a rapid environment whereby you can visualize the impact of ANY combination of
technologies. As shown below. If you reset all of the technologies to a value of “-1”, this corresponds to all of the
technologies being OFF. If you put any of the technologies to a value of “1”, then you will automatically update the
values of the responses and see the impact that the chosen technology has on your system. Recall that all of the impacts
to the system are inherent behind this profile. For each “-1” and “1” value in the full factorial DoE, you summed up all
of the “k” factors and then calculated the RSEs. So, you are seeing the top level impact of all the “k” factors. You will
never again have to run another code to determine the impact to your system from the set of technologies that you
modeled. You can also determine if some combination of technologies will allow you to meet constraints by looking at
the upper and lower bounds on your metrics.

» JMP - [HSCT Full Factorial techs: Fit Least Squares]
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For example, Sideline Noise (or SLN) is a response with a constraint value of 103 EPNLdB. As you can see,
once TS is turned on, that constraint value can be met. Additionally, if you do not set a technology to a value of “1”,
this is analogous to not getting the full impact from the technology that was described in the TIM. That is, if someone
said that I am only getting 50% of what I was expecting from the technology, then you would set that technology value
equal to “0” on the profile and read off the value of the responses. This is a poor man’s way of handling technological
uncertainty or changing technological assumptions.

» JMP - [HSCT Full Factorial techs: Fit Least Squares]
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One way to get around the slowness of JIMP creating the Prediction Profiler or the contour plot is to determine
which interaction terms of the regressed coefficients do not need to be calculated. This is very important when you
have a lot of technologies, or even with the RSEs if you have a lot of input variables. So, let’s go through the steps of
how you do that. Go back to your Fit Model window and only select one response, say TOGW. Now instead of
selecting the “Standard Least Squares” option under the “Personality” drop menu, select the “Stepwise” option and
then select Run Model.

JMP - [Fit Model]

—Select Columns—— —Pick Role Vatiables

Pattern
T
T2
T3
T4
15
T&
17
T

TG
aptional

aptional Bumerc -
optional numetic

optional

—Construct Model Effect:

T4

T T2

e T14T3
it TIAT24T3
Acah Degres ,a -
ROTAE Aftributes ¥ T14T4
FRP I Mo Irtercept | 2074

JMP will take a while doing its thing. If you would like to know that it is still running, go to the Windows
Task Manager as shown below. JMP will consume a great deal of CPU when it is running as you can see by the “CPU
Usage” running at 100%. When JMP is done, the CPU Usage value will significantly drop.
E Windows NT Task Manager
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When JMP is done, the window below will come up. JMP has the ability to determine which coefficients of
the regressed response are the most significant contributors.

To determine the coefficients, under the “Direction” drop menu, select “Mixed” and take the default values
that JMP gives you and then hit Go. You will see check marks appearing in the “Entered” cells. Again look at your
Task Manager and you will know when JMP is finished by the CPU Usage significantly dropping. When JMP is done,
click the Make Model button.
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JMP will open a new Fit Model window with the chosen coefficient terms as shown below. Don’t forget to
turn off the “Center Polynomials” option under the Model Specification bar. If the “Emphasis” option is not on
“Minimal Report” then select that option and click Run Model.

TOGWY
aptional

The window below will come up
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Now, go under the Response TOGW option and select “Save Columns” and then select “Predicted Formula”.

JMP - [HSCT_Full_Factorial techs: Fit Least Syuares]

Look back in your DoE table and you will see a new column added called “Pred Formula TOGW”. This
column has the RSE behind it.
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Repeat this process for every response that you have. Now, go to Graph and select the Profiler. Then select

all of the columns that have the predicted formulas behind them and select OK.

Explars how the factors affect the response formulas TOFL pred Vapp pred FON pred St pred #oof pred ROTEE pred
et Cons B A070B 7415 158,386013 107 426969 110 506602 185713947 15205 1968
10607 238 157 085006 96 8531642 99.5540049 185 356085 16047 3753
_ required numetic - 103296698 153.313686 105399646 110.081437 180858158 158542452
R - 10421 3757 153 985149 959363057 99.1500828 178851771 16884 4318
106626671 155.97362 107 307555 110450195 182229765 15656.3345
e 107562158 156 627568 567336086 59.5057424 180404014 16663 6031
- 10274 0807 152775303 106 229642 110.029386 177 216945 16487 7278
103586368 153381519 55 7661363 991070525 174941771 173092102
10484 8542 15466628 106 88556 110.262768 176339512 14751 6657
- 105830778 155313987 963352573 993376477 174338244 15570751
10111 2108 151 514928 105 824432 108 854567 171 456191 153629598
10196 5437 152113085 95 3845697 58 9405851 169.3151 161900831
10454 9679 154 376165 106798322 110.24604 172936211 15398.6271
10551 8637 154 976615 56.2476545 593020604 170667756 16209 2363
10089 5298 151 098611 105 EB6605 108 514215 167 907458 160124659
10147 7148 151 651531 552455772 56.9993539 165 46750 16610.885
17 [ 180524 | 1555411 | 040841608 621638105 10329 2567 153.267181 105331768 108 006152 180524051 155541113
18 88 5032 | 1837933 | 010984473 528902 635 10415 3947 153 884165 94 8215241 980857345 188603199 163793309
19 165,569 | 1619207 | 040655637 786047 666 9855.99104 150.166636 104.260628 108 582447 185 564901 161320659
20 163 5166 | 1700528 | 040780632 794664 036 10033 2563 150.73628 53.9910236 576642071 163 516645 17005 2528
21 871559 | 1620241 | 041018193 518523549 10234 7759 152927263 105213425 10895052 187 155047 162024108
22 164.9663 | 1701893 | 011149657 625233 669 103737261 153 439001 547030146 g6.0192634 184 966327 17018.9255
23 182.0638 | 1662271 | 010802472 783000 258 9808 75541 14702727 104121894 108 540171 182083784 168227092
24 1797247 | 1762723 | 040925084 789933215 957991495 150.226834 5937219243 576310622 179724741 17627 2321
25 181 3107 | 1511523 | 010462043 605686 668 10143 6368 151769743 104 53461 108 416105 181 310656 15115 2266
26 1792452 | 1501738 | 040616511 E12490. 919 10226 3639 15235343 94 3786943 g7 8541801 17924516 15917.3843
27 76,3576 | 1573543 | 040287727 771608.026 976366136 148 610362 103788715 108399383 176357633 15735 4262
26 1741427 | 1652558 | 040412823 777634 656 9640.58574 148126518 53 4123667 574385762 174143674 165025 5918
PR 29 780051 | 1575055 | 040674091 803736 671 10129 0261 151 571892 104777294 108781112 178025092 15759 5508
301756908 | 16553 | 040786757 609347 69 10201 6033 152090333 54.2303617 57.8483261 175 690766 165530023
31 | 172015 | 1636208 | 010448624 768715 955 9737 35377 148.26632 103651958 108 356748 172914998 16362095
321704313 | 1714355 010562416 774099 612 960112039 148 737251 53 2754565 o7 4570804 17043125 171435545
33 163.5955 | 1486018 | 010744666 632620261 104520505 154.306478 106.7402 110231416 163 59545 14860.1763
21 Rows 2045 34 181 5718 | 1566435 | 010898462 840230 393 10541 7901 154.926033 962149087 599.2001157 181 671619 15664 3618
Selected 0 35 1766139 | 1546791 | 040555323 747969326 100662214 151119668 105 659792 109.80364 176613695 15457 9085
Excluded ] 36 176.5408 | 16260.1 | 00698245 504852 095 101471703 151 691683 55.2449408 56,8934576 176540841 162601017
Hiden 0 37 801967 | 1548522 | 010925937 £20201 067 104139748 153938413 106 632429 110189337 180196704 154852198

Labelled

Now, when the profiler comes up you can play technology games by turning on and off any technology you

like. Also, under the Profiler drop menu, select the “Script” option and then select “Save Script to Datatable”.

4 JMP - anothe

=2

vapp pred TOFL pred

FOR pred

Aeay pred

RDTSE pred

SIRPM pred

ff_techs: Profiler

563514

11098

166265

7629

(5]

1594

1383483

12045

1074

9206616

77428

1105

97 43088

54,545

2182

191.4494

16361

18686

1570478

13113

[ARE-)

0104485 1
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Go back to the JMP table and you will see “Profiler” has appeared in the top left corner. What this script does
is automatically create the Profiler based on what you just did. To execute it, right mouse click on the “Profiler” and
select Run Script and the profiler will automatically generate.

£ JMP - another_ff techs M=
Eile Edt Tablks Bows Cols DOE Amalyze Graph Tools Wiew Window Help

|poseagseel |[traae 02 p P2+ | [menws

another_ff techs [_[OIx]
~ another_f_techs || ¥ - ﬂ
Acg | RDTAE FRPM TOGW pred TOFL presd Vapp pred FOM pred SLN pred Acgf pred ROTAE pred
| 1 fies713s| 152052 Da0sm I3 55365.08 10706.7415 156.386013 107.426969 110.508602 185713947 152051968
| 2| 183857 | 1604738 | 011053331 863326 521 10807 238 157.085006 968531882 99.5540089 183856083 16047 3753
Delste | 3 [le06582 | 1565425 | 010712676 621441.033 103296698 153.31 3566 105399646 110081437 180.858156 15854 2452
* o | 41786518 | 1668443 | 010865762 629235113 10421 3757 153.965143 95.9363057 99.1539628 178851771 16654 4318
T 5 1822298 | 1565633 | 011089913 851422344 106625671 15597382 107 307555 110.450195 182229765 153563346
m 6180104 | 1668981 | 011220458 653340.575 10756.2159 156.627568 96.7336096 995067424 180104014 16659.5091
13 71772168 | 1648775 | 010850454 816505.243 10274 0807 152775308 106.229542 110.029386 177216945 16457 7278
T4 3[174.3418 | 1730921 | 01002146 523857112 103535363 153381519 957661363 391070525 174841771 17303.2102
15 9 176.3398 | 14751 67 | 010504479 636590.408 10494.9542 15466629 106.69556 110.282768 176339912 14751 5657
T8 10174.3382 | 1557078 | 00857638 844502.549 10589.0778 155313987 96.3352573 993376477 174338244 15570781
11 1714862 | 1538295 | 040316035 802118.938 101112108 151514928 105824432 109.854587 171466191 15352.9598
12 [169.3151 | 1618008 0.1045032 803353.717 10196.5437 152.113085 95.3845697 95.9405851 1633151 16190.0831
13 172.8382 | 1539883 01069808 833863 21 10464 9879 154378165 106.798522 11024804 172838211 15398 8271
14 [170.6578 | 1620924 | 040838835 84122214 105519637 154978615 96.2478546 993020604 170667756 16209.2363
15 [167.9075 | 1601247 | 040478854 798399 685 10063.5296 151.098611 105 686605 108814215 167 307458 160124653
16 [165.4576 | 16510.85 | 00611786 504331 253 101477143 151.651531 95 2465772 953093539 16548756 16810.855
17 | 190524 | 1555441 | 040841606 621638.105 10329.2967 153.267181 105331769 109.006192 190524031 15554.1119
18 [168.6032 | 1637935 | 010984473 528392 635 10415.3347 153884165 948215241 95.0657945 188.603199 16379.3309
19 185.5353 | 1619207 | 010B5EE37 738097 565 395599104 150168836 104200529 108.592437 185.583901 16192.0659
20 163.5186 | 1700529 | 040790632 794554 036 10033.2983 15073828 93.8910236 7 6642071 183518645 17005.2928
CrE 21 1871559 | 1E20241 | 041018133 £18523.549 102847759 152027263 105213425 108.95852 187 155047 16202.4108
TG pred 22 [164.9563 | 17016.93 | 011143657 625233869 10373.7261 153.499001 947030146 950192634 184.966327 17018.9255
TOFL pred 23 [162.0838 | 1682271 | 00802472 783390.258 390975541 148702727 104121694 108540171 182.063784 16822.7092
W e 24 [179.7247 | 1762723 | 010925084 780933.215 9979.91495 150226934 937219243 7 6310322 17972474 17827 2321
FON prest 25 [181.3107 | 1511523 | 010462443 B05695.689 101496369 151.789743 104.863461 108616105 181310696 15115.2266
SLM pred 26 [179.2452 | 1581736 | DADBI6511 812490919 10228.3633 15235343 94 3766343 78641801 178.24516 15917.3843
A pred 27 [176.3576 | 1573543 | 00267727 771608.028 976365138 148.610362 103788715 108.399333 176357633 157354282
ROTSE pred 28 [174.1427 | 1652559 | 040412923 777534 896 984059574 149126519 934123897 57 4985762 174142674 165255918
HREM prect 20 [178.0251 | 15758.55 | 00674081 803798 671 10129.0261 151571892 104777294 108781112 178025092 15759.5508
301756908 | 16555 DAOTOETST 30994769 10201 5033 152090333 94.2903617 478435281 175690766 16553.0023
3t [ 172915 | 1636208 | Da0448624 768715955 9737 33377 14826632 103651958 108.356746 172914998 16362.085
32 [170.4313 | 1714355 | 010562418 774083612 980112039 148737231 93.2754863 a7 4570804 170.43125 17143.5545
~ Rows 33 [163.5955 | 1486018 | 0.107445656 632620.261 10452.0505 154306478 1067402 110.231416 183.59545 14860.1763
all Rows 2048 34 1616718 | 1566436 | 010896462 840250.393 10541 7801 154926033 96.2143087 992901157 181 671619 15664 3616
Selected 0 35 1786138 | 15487.91 | 010555323 797989.326 1006882214 151119668 105659792 10980364 178613895 15467 9085
Excluded a 36 [176.5408 | 16260.1 | 010696245 £04832.096 101471703 151.691693 95.2449409 938334578 176540841 162601017
Hidien a a7 hB0.1957 | 1548522 | 00925837 829201 067 10413.9748 153.936413 106.632439 110189337 180196704 154852196 | =
Labelled o[y 1 |
[ [

Populating the Decision Matrix

When you are finished with all the technology combinations, go back to Excekl and to the “Compatible list”
sheet. This sheet is again formatted for 11 technologies and 8 metrics. This sheet will automatically update from the
values that were calculated on the “Results” sheet. On the right of this sheet is the determination of whether or not the
technology mix (case #) is physically compatible or not. If the mix IS compatible, an “ok” is shown in the column. If
not, then “XXXXXX” appears. A physically compatible combination is determined from the compatibility matrix and
is coded as shown below for this example. You need to make sure that your mix of technologies is coded properly
here. In addition, the column beside the one that determines compatibility is simply a counter. When the technology
mix is compatible, a “1” results for the row, if not, then a “0”. At the bottom of the page is a summation to determine
the number of physically compatible technology mixes. For this example, there are 272.

Example compatibility rule:

=IF(OR(AND($C4=1,$F4=1),AND($C4=1,$J4=1),AND($C4=1,5K4=1),AND($C4=1,8L4=1),AND($C4=1,
$M4=1),AND($F4=1,$J4=1),AND($F4=1,$K4=1), AND($F4=1,5L4=1),AND($G4=1,$M4=1),AND($H4=1,5K4=1),
AND($14=1,3J4=1),AND($J4=1,$K4=1)),"X XX XXXX","ok")
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The concepts identified in Step 6 (i.e., only the compatible technology mixes) form the rows and the system
metrics from the problem definition form the columns as shown below. The deterministic elements of the matrix are

populated from the results obtained in Step 7 for each alternative and metric.
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Note since you evaluated your technologies deterministically, you actually have your Decision Matrix
defined. It is the matrix defined by the “compatible” list of technologies and the corresponding metric values in the
“Compatible List” sheet in the “Calc_deterministic Full fact tech” spreadsheet. Let’s create our Compatible list of
technologies based on the full factorial. Place your cursor in cell B4 and select everything including the compatibility

rules in Column W, as shown below.
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Now go to sheet “Compatible List” and Paste Special” and paste only values starting in cell B4. You should
have a complete mirror of what the “Check Compatibility” sheet had except there are no formulas. Now, you want to
sort this information based on whether or not the technologies are compatible. So, keep the area that you just pasted
highlighted and go to Data and select Sort. When the window below comes up, you want to select the option for “My
list has” no header row and then sort by Column W in Descending order. This will sort with all of the compatible
technologies listed first and then the incompatible ones below that.

Sort 7]
Sork by
ICqumn W -I " ascending

Then by

I -I &+ Ascending

" Descending

Then by

I vI * Acscending

" Descending

My lisk has

" Header row (% Mo header row

Options. .. | QK I Cancel |

And you will see that the order of the technology combinations changes, as shown below. Now you can
simply remove all of the incompatible cases. This should leave 272 compatible combinations that we will take to the

selection step.
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Probabilistic Technology Evaluation

All of the evaluation of the technologies so far has been deterministic. This assumes that the technologies will
reach the maximum possible impact, the values found in the TIM. Since these technologies are not fully matured, there
is a chance that the final outcome will be less then the value in the TIM. To account for this variation in final outcome,
we can use probabilistic evaluation. The file “Prob_tech eval” will allow you to evaluate the impact of technologies
probabilistically. This file contains the sheets “Definitions”, “Prob Analysis”, “Cases”, and “RSE”. There may also be
response sheets (called R1, R2, etc.). If there are not, they will be created later. Go back to the “Compatible list” sheet
in the “Calc_deterministic Full fact tech” file. Copy the case numbers and technology indicators for the compatible

cases.
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These are the cases you want to run probabilistically. Paste them into the “Cases”

A10 and pasting the cases.

sheet by highlighting cell
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Bring your technology impact matrix into the “Prob Analysis” sheet. The ‘Probabilistic Scale’ matrix below
the TIM will update automatically from the TIM and the TRLs. The scale is used in defining the distribution and
follows the formula:

"0.3 *impact| - |0.05 *impact”

8

Scale = |(O.3 *impact) — (TRL — 1)| *

If you have more technologies or “k” factors, you will need to expand both the TIM and the scale matrices.
You must change all of the values in the technology impact matrix to negatives in order to run the simulation because
you will use Weibull distributions to define each impact and this distribution must have a negative reference. The
Weibul distribution is used because it best models the possible impacts of the technology by incorporating the TRL
into the scale of the distribution.
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To define these distributions, highlight all of the cells in the TIM that contain influences (shown in green
above). Click on the Cell menu, then Define Assumptions. This menu will pop up:

Cell B6: Distribution Gallery: =

Normal Triangular Poisson Binomial
Lognormal Uniform Exponential Geomelric
N Beta Hypergeometric Custom
oK I Cancel | More | Fit... | Help |

Select Weibull and then OK.
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In the next menu, you should rename your assumption. Then check that the location and left bound are the
impact from your TIM. The shape should be two and the right bound should be ‘+Infinity’. The scale will come from
the probabilistic scale matrix. The cell can be referenced by entering ‘=B27’ in the menu. The scale should remain
static through the simulation. Repeat this as each pair of windows pops up. Be sure to reference the scale for that
specific technology and “k” factor.
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Now, go back to the “Cases” sheet. The cells that contain the normalized “k” factors must be updated. These
are linked to the “Prob Analysis” sheets so they will change with the changing tech combinations and “k” factors
distributions. This is where the negatives entered into the TIM must be corrected. If a value in the TIM was changed
to be negative, add a negative before its reference in the equation in the appropriate “k” factor as shown below.

B 7 u|== B %, %
={1+F($B%4=1,Prob Analysis1$86 0)+F(FCH=1Prob Analysis!$CE D) HF(FDF4=1,Prob Analysis1$06 D1+F(SES4=1-Prob Analysis!$EE 0)+HF(5F§4=1,'Prob Analysis!§FE O)+HF($G54=1,
Prob Analysis1$GE 0)+F(FHF4=1,Frob Analysis1$HE D) HF ($154=1,Frob Analysis$6 I)HF (5J54=1,Prob Analysis|$MRDIHF (5KE4=1 -Prob Analysis15kKE 0)+HF(5L54=1,Prob Analysis'
§LE.07)

wart Wing
tructurez . . ] } L Surface ] Maise ; ; ; Mazimum )
fhane | PtteFla | ot | e | e | Fil | AU | Comc | M || e | Stz [k | o | romae |Prodcir
sroclastic £ £ £ £ “weight £ n e e Coefficient e
Zentrol)

1 1 3238 1 1 1 1 1 1 1 1 1 1 0 0 0

Any necessary negatives go here.
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Add in your RSE on the “RSE” sheet. The ‘actual values’ for the “k” factors must be linked to the “k” factor

cells you just checked on the “Cases” sheet. The responses should be highlighted and defined as the forecasts under the
Cell menu and Define Forecast.

rosoft Excel - Prob_tech eval.xls 181 x|
$1Ele £t vew Inset Fomat Tooks Dats indow Cel Run CETools Help o[- 5||
how NERRGe EFs«) [ HuND DD ¢ 0S8Ry & BB oo &€ 2585 0 8eé > -
eneva - | % , ®3 |2-2-A-
B6 |
) B 3 & W T T 3 T M i 0o F ] Ao s [ T —
1 =
2] oG TOFL . Eleer_Toideine Ao EDOTEE BT
2]
| 4| Aotusl Values TOGW FL Wapp Flyver
5 | varisbies Intereept TMASeSS  SU266799 ITGSINY  S2UM4SZI2 S7IV6ION  1922WN35 1567733 0108245 Intercept TUATSs  SIZER7AN  1TOSIGY 520449712
6 [i_wing _ving WETOTS33 WTIGED| 1GMO0BSTI 052013992 017GI0A0GD| FOGGHGGGI BOANIOINNT | WODITIEZT _wing 40124 2BTSGTANT 242TOOGDS 078020930
|7 [k fuse |00 ¥ fuse 27TB7EI  G0G05i6:  25946ITHE  DSITE0S 078050393 GIOSAAIE 975279435 OMQEOIHE _fuse 778759 0605167 25946ITER _08IFI00L
| 8 |k_engine | 923800 _engine 105392896 12238036 102006712 -032504792 -DIME4GSE -1266MRiS  -W116920 -0.00ONC30Y
| 5| k_electrioal] 10 ¥_electical ADDENATE 120832470 NDSMZE -DO2GM4TEE 0048742 0343650M1  30767ESI 00000
| 10| _suionios | 100 K_avionics 5A2241199 640572608 0SNG -NOITHSICE -0007II66B| 0363663 176036975 -000006HA] Th f 11
| |k sufsce | 100 k_surtace “GAZE0I063 -6UB03IZET| -005MOSSH  -DDIGNE2S -D.O0SEESST| -IN9INNEH -37.2609367 -0.000047H €s¢ are your orecast cells
| 12| k_hydrauicd 100 _hydraulios [ 0 o 0 0 — - . -
|t |kncise | 100 K_noise ZAMSIT 030GH40I  00DGEIM  MSXZI362 (4444533 NO04GS2 02075204 -000004T K_noise 24397 03035451 DODBEIH 108221362
| 1 |k_subarag | 100 ¥_sun araq TESWIM0S  GFOTEFSI) 07306681 02047625  00BIEITS DASTTS 651525928 00D0RSESH. ¥_sub arag EIBM004  GTO7ETSI  N7I6E41 023047028
| 5 |k _supdiag | 100 ¥_sup drag B4E5I0541  OTI908708  BIBMTEIZ6 26517690 0.7615E  S.7MARN  TILAS0BES. 000931084 F_supdiag BESI0541  OGL99676E | BAMTOIZE 26817699
| 16| k_subtuel | 100 Subfuel GTSSIINET ASISMIET 00BN 002630053 0ONATSID D0SIENTT 7I2EMET| SESOTE-0G _sub huel MG OABIACG  N246173 D078I0NGY
| 17| k_supiuel | 10 K fuel WEHES2 120106005 100AOTIRT 036221 0HR96IEGH 1182003621 5086396367 0.0DHAZRGH K_supiuel HEIHZMG  TBOMBS  14SHTD3 044631237
|18 |k _cmas | 100 K_eim 1 107846881 000002532 WBEWBS2  ATIH0STI BTG5 0DNZBI00S,
|'to |k cae |oon 088 . iz 01358309 -0.00728001 AFIEIE OOGTEINE 00026 D.onm25z21
| 20 |k_FoTeE | on ¥_FDTGE Th d b 1 k d (54 261123645 -0.00083417 004 H2G070E 0OTEMZS  NE3STF
|2t |k prods | i K prods ese need to be linked to 97 00938953 -0n0i2ree2 2606121 006465052 NN0Z6EAD4 00010567
| 22 | (Currently thisis the baseine config) | k_uing'k_wing « 2 52 393028647 D.000426671 08550162 92.7541903  0.770BI6E 021562726 DO0GIEE
[ 22 k_fuse’k_wing| the Cases Sheet 27| 43.39840353 0.000500532 k_fuse’k_uing TMZAME 905812728 OETIEEE 01875543 008184279
4 | Fanges:  LowerLimit | Upper Limit_ k_fuses_fuse 35 W07 00000264 K fuse’k_tuse 30313535 3MGIGRI2| -DAOTTIEI 00004808 0.00337081
| 25 [k wng 0% 107 _engine’k, 97 194550T7| 00002082 ¥_engine'k_uin 4GATETIZ DRI DAOGIEE  0AMSIF9I 0.05442081
|26 |k fuse 0 K engine’k_fuse | -TMD4Z85 30863133 -OTTONG -0OFATEIEE -0.03653201 4TSI 273825465 -0.000303M6 _engine'k_fuse 9253007 SOAITING 043040366 012255231 008632031
| 27 |k engne m32 | ©4874m |k engine’k_engine | T2SEO04TIH 1301449035 0OWAGESID ONNZIEEIA 0001393039 00ISNG44I DILIFTIIN -7 ESE-07 K_engine'k_engne | TI3SIB335  3WI1BSIZ 00226871 000524808 000337081
| 28 | k_electrical 1 b electk_wing | -GEIITZ4TZ -6AG7G0689) 0450244 -DOMS0I07 -0.00702227  -MOSSMTTS 512295207 00000338 F_slectrk_uing O5375EP00  S7ITIONN DGSHI3EE  0.0TPOS4E1 00103341
| 28| k_avionios 1 121 K eleotrk_fuse | -BIBAGAMGS 352858503 00GE34ME NI -0OMGMES 0S5  &L0STF7S 0000018 K_electrk_fuse 838450458 352058533 006834 NOTF3IF8I 00IOGMER
| 30 |k surface 038 1 K electrk_engine | 999 113135 1009817537 007AITTI 002027358 0010527654 00GOST2X 77EIPAR407 SE2ITE-05 K_eleotr'k_engine | IMOM0F 157082728 OMGOTASS 003153656 0.01Ga6604.
| 31 | k_ngarsuics 035 108 Woelectrk_slecti | T+5B3384 064318532 00077353 000024808 00016292 O.0Z073047 038210863 00000081 K_slectrk_slec | TANB384 064918532 DNNTTINI 000024808 -0.001629%
| 32 [k ncise 078 1 b _avioni'k_wing | ADLAS543  ANSOIG22 000244 000104 -DOOEASI 00MIZFE  ANOSHAST| 30305 F_avionik_uing 222004 167702283 DORSIEE 000209356 0002ETTS
| 38 |k_subdiag 01 1 K avioni'k_fuse | 20DSA0P4 250514753 OOMHNSEE -0D038B043 000I0327A MIMIMEE2  14S4TEIDY | -0000GE _avioni'k_fuse 20034074 250514763 OOKMDI6E 000338043 00030GETH
| 34 |k supdrag 0780 1 K_svioni'k_engine 101667531 1193650430 0006308503 O.0ITISTE7 000MIGTEA| 00Z0320MI  LIGSIIFIOl BASAIE-06 K_svioni'k_engine | BAISNTE 105671033 0DIOGIHS  0.0MSPAI 000223341
| 95 |k _subfuel 054 103 _svionik_slects 596052 069480500 00059036 000099391  0.00067031 0.0STSTSE 063170665 0.00002406 F_svioni'k_slectr | 4695052 DE94GISO3 0.00SO0IGE  0.00099561 000067091
| 36 |k_suphuel 034 10 K_avioni'k_wioni | S30185994 1M918532 000 000524308 0.0016282| 002023047 050510969 0.000008% F_avioni'k_awioni | 930199324 1M918502 00OTTI53 000524808  -0.0016292
| 97 |k omas 1 115 857515IT] 059635604 D.00FO2MI -DABA0TY -0000S7633 O0NOTE3S -A0S4TERT| -0 TAROE-06 K_surkas_wing B0 4260207 00319634 000G4EIZ 000440721
|38k oss a0z i 41834597 -16B057572 001203861 -000M2005 00062512 00MSIETS 1495243 209305 K_suiach_fuse | 425503732 SIATZII| 0NI62EI4 OGNS 000RTSIE
EGEC 038 0246691 0777356715 00064562 QOUTGSEI 0000760251 D.00BESSIY OTIRONTISI  LAITTIES b_suifac'k_sngine | 927803792 GE276B4GT 000003354 000P447E9 DOOGHTE
| 40 |k prods -nf2 03 Pa2ES443 020223677 -DOOISETA -DODOFFES 00003278 -0OOMSSST  013877F3| BE3E06 K_sutac'k_electi | -0376533  -DOGPING  ONOSIST 0002378 -0000SEG
| 1443101 0618076723 00103021 -DO0SEFIS 0001BI7A2| -NO0GIA 0N2821TE0T AMIIEL K_sutac'k_avion | BO329573  10BA207IT  DNAMNIT 00290367 0005G1ME
| s2 | sipha= 1 24326499 QOIGSTENT| 0005543 27I0H4E-05 DO00T4534| DOOSHIMST 0OGASIZ0TT | IAGSESE-07 559199304 0M91BSZ -00OTTISI 000024808 000337081
EE| 0 0 [ 0 [ [ 0 o 79932827 16989530 D.OSDZZEE 000544293 D.00282404
| 44 | Womaiiced ] 0 [ 0 [ ] 0 o BRTHI60 140363533 OIS 0OOSGZI0S 000276023
85 | varisbies [l o [ o a [l o a K_hydiau'k_engne | WOJBIIFT 165139783 0OIEIISE 0D0IGHE06  00DIG0SSN
| 46 [k_ving 068868867 _hydrau_eleotr [l 0 [ 0 [ [l 0 [ b_hydiau'k_eleotr | 2363426 00688522 DNMMES 000028888 000035341
|47k fuse 1 K hydrau_a ] 0 [ 0 o ] 0 o K_hydrau'k_svioni | 12307083 010671033 D0MG5983 00053383 0.001SES
| 48 |k_engine 08420571 _hydrauk_surfac 0 0 [ 0 o 0 0 o F_hudia'k_sufse | 210592073 23116467 DOIGSTIM 000G 000331346
|49 | _elestrical 1 _hydrau_hydrau 0 0 o 0 o 0 0 o b_hdia'k_hydizu | 924699334 1M918502  0ONTTISI 000524808  -0.0016292
| 50 | k_svionios 1 K noise’k_wing | -62090967 01020802 000G 007435 0O20OGR O0NTESZ? 01224452 00000262 K_noise’k_ving 2THIBAS  OMGIS6E3 0002 0L0GMIGET  0.001047R4
| 51 |k suface 03333333 K _noise’k_fuse | 2274BSSAS 01745957 NODDIE34  0OIIBSIS 003323536 00134 -022241 0000021 K_noise’k_fuse 277458545 017450967 DN034E34  00SSIEIS 003323534
| 52 | k_hydrauics: b_noiss'k_engine | M.4J322093 022429144 D.ORBEAT -D03TTI423 001306008  DOUZGSEST 024442l 0.00003% bncisek_engine | 2241677 -0.040897E LOGZTTEY 005869769 00205146
| 53 | k_ncise 1 Knoisek_eleotr | 0035323 -0UGHO217 000N 00033007 000128221 -S4Ea: 015153 00000238 10053323 OAGHO2 00022 000330707 00028221
| 54 | k_subdrag 1 K noisek_avioni | BG152954 193070867 0012634 000533932 -0O0ZWIEI -0002HTTS  ANISTOFR 000001636 FE1205 180070067 00Ni26364 000533832 D002
| 55 | k_sup drag 1 bnoisek_sufac | FRITINGI D.49B46T67 00044 00000702 00003969 0.000ZMET 0200445267 0.0000011 ¥ 99520199 0435397 -DOITS3I0 000302105 DOOISES
| 66 |k_subruel 03023330 _ncise"k_hydau [ 0 o 0 0 o Fncisek_hydrau | 920736604 24S4G52N7 D.OZGMEM 00085444 000454158
| 57 |k_suptuel 0728571 Konoisek_noise | G2418S34 1MSISNI2 004226471 0004305 00016237 N0ZITHM? 053460365 00000283 Knoise’k_noise | 324139334 1M31BG32  00GZ64TI 000G24808 00016260
| 58 | _cimas E] K subark wing | 4121953 1762043087 01366434 DOITEAS3 O0BI0J5Z7| 0 WENTT4T 1430545207 0000120587 K_sub ark_uing 730618293 764436478 02009741 NUSETFEI) 00276529
EE DTGHTH Kosubdrkfuse | 236375949 267395220 02082741 05919293 002776029 025MITZ5 19503949 0.00020861 Fosubdrk fuse | 296375949 267095228 020824741 0.05919293 DO27TR0ZY
| 60| k_FOTEE 1 K_subirk_engine | AOTISES3 122126727 0S4GHSZS 00268026 001208447 0164 AIEHSES 000012371 K_subdrk_engine | IGETO5NM 183970063 0M730981 004183233 00284GE
| 61 |k prods 042857 s or 200813263 334504503 02473006 -DOGT0S3%E -003B0BSI -03207IGS 26021912 00002614 K_subdrk_eleotr | 290813233 334504603 024730641 00SF0836 003504501
5 Kosubgrk awioni | 1OA7S2 01354772 00035599) 0003931 006N 00123500 020365938 000001 Bsubgrk avioni | 15584732 0054772 0.00055331  0.00093%81
4 [4]p [p1fs Definitions £ Prob Analysis £ Cases 3RSE {R1 #R2 f/R3 fR4 {RS fR6 {R7 {R8 / r<|
[on- i | mtoshases- N NCIOE M| 0 -2-A-==28@|» 0 u[BR K
Ready [ [ B T

Rename the forecasts.

Cell E3: Define Forecast

Forecast Name: GYY|

Units:

Initial Window Size: & Small
" Large

¥ Show Window:

" While Running

Yindow |

If this is not the response name,
change it.

Filter

\ &

Precision |

“ “When Stopped

Cancel Less <<

[ox |

Set Default |

Help |

These do not matter this time

because the forecast windows
are suppressed by the macro.
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The “Definitions” sheet defines the necessary information in order to run the macro to assess the different
technology combinations probabilistically. The ‘Inputs’ reflect the number of technologies, how many Monte Carlo
repetitions you want, how many responses, and how many cases. The ‘Run Preferences’ set the run preferences for the
macro. The setup in this shot is the fastest way to run. Your computer’s Run Preferences will remain as set by the
macro after it has completed. To change them, go to Run, Run Preferences. The Run Preferences will change to the
preferences on the “Definitions” sheet every time you run the macro.

X Microsoft Excel - Prob_tech eval.xls =18 x|
B Ele Edit Wiew Insert Format Iooks Data Window Cell Run CBTools Help - 5||

a¢w NED REs Ere (r[&udDbf0saSRY 2R F o-o Q&= &85 0&s -2

Times New Rortan H s %, @ LA
46 = =
A [ 8 T ec o [T & [ F [ 6 [® [ 1 [ 17 [ [ L T w [ NTo T F [ @q [7

1 Inputs
| 2 |Nusbes of Techs 1
| 3 |Nusber of Monte Carlo Sinwlations 100
| 4 |Numbe: of Responses 3
| 5 |Number of Cases 272
| 6|

7 |Run Preferences type of tespanse
| & |Trials
| 9 | Stop onerror? true/false FALSE
| 10 |Stop simulation with precision control? true/false FALSE
| 11 |Use mean as precision control statistic? true/false TRUE
| 12 |Use standard deviation as precision control statistic? trusffalse FALSE
| 13 |Uss a percentile as presision control statistic? trucifalse FALSE
| 14 |Set percentage to uss as stopping criteria nuniber o5
| 15 |3¢t percentage of vasistion allowed far statistic nmbe: E]
| 1¢ |Sampling
| 17 |Use same randoms? trueifalse FALSE
| 18 |Latin hypereube (irud) oz Monte Cado (false)? trueifalse FALSE
| 19 |5pecd
| 20 |Run burst mode? true/false FALSE
| 21 |Burst amount? number
| 22 |Minimize Excel during simulation? true/false TRUE
| 23 | Minimize spreadshests? trucifalse TRUE
| 24 | Suppress forecast windows? trucifalse TRUE
| 25 Options
| 26 | Fun sensitivity snalysis? trueifalse FALSE
| 27 | Retain unsorted trials for extractions? trueifalse TRUE
| 28 | Tum off cosrelations? trueifalse FALSE
| 20 | Turba
| 20 | Fun in Tuzbo (tme) or nomal (false)? trueifalse FALSE

31
|22
33
|34 |
E3
E3
Ea
E
E
|40 |
|41 |
|42 |
i
ﬁ
51 |
46 -
4[4 [» [# "\ Definitions ¢ Frob Analysis £ Cases {RSE {R1 {RZ fR3 fR4 [R5 fR6 AR7 {RE 4] %Lﬂ_‘
o Iy @ | oshopes- N NOOE M d-L-A-==8@||» o 122N
Ready T I [ runa | [
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Unless you have changed sheet names, the macro should not require editing. Under Tools, choose Macro,
then Macros. Select Monte_Carlo and Run. This macro will run Crystal Ball on each technology combinations. It
extracts the percentiles and statistics and pastes them into the sheet for each response (R1 is the data for the first
response and so on). If you want to see what it is doing, edit the macro and change all the Application.ScreenUpdating
= False to true. This takes longer, but you can see each part of the macro.

osoft visual Bas

|| Ele Edt view msert Fomat pebug Rn Took window Help

Prab_tech eval.xls [running]

ol

=]

e oo, o ablSEE 2] @ necos
=]

Change all occurrences J

of this command.

Modules
-l Modulel
22 Module11
Prremrerer

4

Module11 Module A3

Alphabetic | Categorized |

Module11

357 Thiswarkboak.

[I—

I |

Dim NumberoffonteCarlo As Single
Dim NumberofCases As Integer
Dim NumberofResponses As Integer
Dim PrograwWindow As String
Dim Responsellindow As String

Application.Displayhlerts = False 'Freezes Displays

ipplicatio eenUpdat ing

chb.ResetND ‘resets simulation
ProgramWindow = ActiveWindow.Caption

Sheets ("Cases") .Select

Cells (4, 1).Select

Selection.End (x1Down) .Select
lastrow = Selection.Row

'sets up the constants for the simulation

NumberofTechs = Worksheets{"Definitions").Cells(2, 2).Value
HuwdberoffonteCarlo = Vorksheets("Definitions”).Cells(3, 2].Value
NumberofResponses = Worksheets("Definitions").Cells(4, 2).Value
NumberofCases = Worksheets("Definitions”).Cells(S, 2).Value

|l |

E|

]

.z

A sheet for each response, numbered in the order of the RSE, has been created and filled by the macro. Your
response sheets contain the percentiles and the statistics for each case.

rosoft Excel - Prob_tech eval.xls =8|
7 Fle Edit Yew Insert Formet Iools Data Window Cell Run CBTools Help ;Iilil‘
o & [ AEIE® G B P s () [GusE e 0SRGRY[RRd o-o @&z A 43 093] 03
TmesewRomen  ~ 10 | B Z U | % 5 W3 S hLA
A3 - =]
A B € D E F 5] H i w % | ¥ z Ah AR AC AD
1 [Case 0% 3% 10% 13% 0% 5% 30% 35% 100%)| Trials [Mean [Median  [Mode [Standard Deviation |Variance Skewnsss [Kuntnsis [Cor
| 2 [ 1 &5536508] 855,36508]855,365.08] 85536508 85536508 85536508 25536508 85536508 e55,36508]  100[ 855,365.08] 255,365.08]855,365 08 000 000 0.00[+Infinity]
| 3| 2| 260,119.26] 86009003 |261,310.13| 861,43780| 261,582.40| B861,62386| 261,765.55 261,03530 263,13301| 100| 262,08162| 26216206 53547 34277131 067 335
| 4| 3| 818753.52| 820,78398|821,23538| 82150753 823,20930 822,997.25| 823,23766| 13,5563 840,133.07| 100| 825,592.52| 824.539.47 4,10687|  16,366,374.51 123|453
| 5| 4| s2441892| 82551593|827,191.88| 82792136 828,521.15 829,35393| 230,072.39| 83037432 849,778.55| 100| 32,39493| 83198183 4,50469| 20,293,247 43 115|539
| 6 | 5| 849,722.64| 849,907 64|350,316.46| B50.45434| 850,535.10| 83075555 B30,87562( 351,120.13 855,836.09] 100 251,719.08| 251,643.14 1,13936| 141457332 064|365
| 7| 6 e55,332.44] 856,004.24|356,249.99| B56.495.63| 85673150 85700978 257,15439| 357,3942% 862,563.65] 100| 357,966.88| 857,790.36 L4446 200063543 Lo 401
| 8 | 7| 813,508.61| 815071 68|817,476.51| 817,391.06| 81899035 £19,261.22| 81956188 819,92231 840,373.64) 100| 322,1954p| 821,967.79 4,39245|  19,293,61803 084 500
| 9| 8| ®19.31671| 821,51270|822,123.33| 82267992 823,560.54| 82427134 B24,69609| 32502777 §39.470.37| 100| 827.24384| 82658727 427422| 18,268,945 44) 064 306
| 10| 5| 837.010.03| 837.451 46|837,780.43| 837.933.02| 83516443 ©33,22943| 838,535.27| 83879726 846,560.47| 100| 339,629.16| 83930235 175114 3,066,50120 L1747
| 11| 10| 842,746.56| 843,20835|843,716.01| 84408179| 24454532 84421970 244905.56 245,18145 853,411.44] 100| 246,039.26| 245,630.47 2,01265| 405076052 17| sag
| 12| 11| 202,503.27| 80407027 |804716.51| 805551.27| 20591990 806,19101| 30681662 207,638.14 213,633.06] 100 209,81769| 209.352.42 401185| 1609497134 024 202
| 13| 12| s08.866.87| 809,492.54|810,38706| 81139126 812,22601| 813,88100| B13,797.46| 31442668 31,71068| 100 81660657 815613.54 4,76392|  22,694,90500 073|364
| 14| 17| 221,00496| 823,698 44|824,785.70| 82524641 82630385 82643326 226843.41| 327,320.12 38,45461| 100 23375895 228.009.12 3,02487| 9,149,249 0|  3ls
| 15| 18| 829,041.94| 829,47022|830,528.90| 831,156.84| 83149615 83204615 232,299.34| 83311595 844,383.57| 100| 834.42008| 83399151 302144| 912912100 046|300
|16 | 19| 791,548.66| 792,717 65| 794016.69| 794769.93| 79605019 79682083 797,547.31| 798,15248 812,286.60] 100| 799,993.47| 79993770 4437.13|  19,688,109.00 03| 273
| 17 | 20| 792,903:24| 797,56505|798,76199| 800,3907L| 80116233 801,98445| 302,634.29| 803,137.17 817,439.65| 100| 805.407.17| 805,574.18 504211 3542385137 017|279
| 18| 21| 819,926.76| 820,720.26|321,142.43| 82198307 823,386.37 £22,74195| 223,16391| 31374238 836,657.45| 100 225,379.02| 22487404 324532 10,535,379.01 057|306
| 18| 22| 825,279.38| 826,001.27|326,904.14| 827,33460| 827,4137| §27,827.37| 22836943 31392640 841,599.06] 100| 330,602.25| £29,702.53 3,37759|  11,408,11196 073|309
| 20| 23| 785,825.42| 78868541 |789,933.61| 79058511 TOLIFLFS| 79196063 THLEAIL3| 79354467 11,981.68] 100| 796,067.17| 79543242 5,22366|  27,296,582.8 053] 295
| 21 | 24| 789,631.88| 792.82402|795,268.93| 795.755.40| 796,380.46| 797.026.18| 797,57306| 793.05108 §23,547.43)  100| S00,61289| 79983597 5,33216| 2864562626 095 522
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These response sheets form a second decision matrix with probabilistic instead of deterministic results for

each metric. Only compatible cases were brought in

and evaluated so the cases do not need to be tested for

compatibility as was done with the deterministic decision matrix. The probabilistic decision matrix will be used in step
8 to examine Technology Sensitivities and Technology Frontiers for different confidence levels.
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Step 8: Select Best Family of Alternatives

For any multi attribute, constraint, or criteria problem, the selection of the “best” family of alternatives is
inherently subjective with no single answer fulfilling all requirements. Four techniques are used in the TIES method:
1) Multi-Attribute Decision-Making techniques (TOPSIS)
2) Technology Frontiers
3) Technology Sensitivities
4) Hierarchic Genetic Algorithms

Technique for Order Preference by Similarity to Ideal Solution (TOPSIS)

A Technique for Order Preference by Similarity to Ideal Solution (TOPSIS) is utilized to down select the
proper mix of technologies satisfying the system level metrics. TOPSIS provides a preference order of the
deterministic values obtained in the Decision Matrix, at a given confidence level, resulting in a ranking of the best
alternative concepts. I will not go through the math behind the TOPSIS method. You can go read one of the references
to get more info. I will simply explain how you do it with the spreadsheets that I have provided.

If you have the HSCT with 11 technologies and the compatibility matrix from Step 6 of this tutorial, you have
only 272 compatible combinations (or alternatives). You have obtained your response values of the vehicle with those
technologies “on”. Open the Excel file “TOPSIS tech ranking”. The window below will come up, just click the button

Enable Macros.
Microsoft Excel
The workbook you are opening contains macros.

Some macros may contain viruses that could be harmful to your computer,

IF you are sure this workbook is from a trusted source, dlick
‘Enable Macras', If ywou are not sure and want ko prevent

any macros From running, click 'Disable Macros', Tell Mg More |

¥ &lways ask before opening workbooks with macros

b DlsabIeMacms il Lnable Macros Do Mok Open

Regardless of which TOPSIS spreadsheet you have, there are 8 sheets including “Inputs”, “Scenarios”,
“Alternatives List”, “Weighted normalized DM”, “Euclidean dist”, “Rankings”, “Calc Area for Chart”, and
“Radargram for subset”.
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The first sheet is the “Inputs” sheet, but we will come back to it. On the next sheet, “Scenarios”, are 10
different subjective weighting scenarios. What I typically will do is place heavy weighting on the performance metrics
on the left and shift to heavy economic weighting on the right. I tend to place more importance on the metrics that are
the concept “show-stoppers”, or constraints that are hurting me most. In the sheet below, one scenario that I would
consider is one that places heavy weighting on the Flyover and Sideline Noise metrics, since both of those had very
low, if even existent, feasibility values. Hence, insert 10 or more different weighting scenarios depending on the
metrics, the significance of each metric, and try to capture varying importance of the different metrics. The idea here is
to determine if a given set of technology mixes will dominate in importance regardless of the weighting scenario
considered.
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The “Alternatives List” sheet has the case numbers of the compatible technology combinations and the
corresponding metric values for 8 metrics. You need to copy the metric values and case numbers into this sheet for all
the compatible cases. You can copy these from the “Compatible list” sheet in the “Calc_deterministic_Full fact tech”
file. As shown below, the square root of the sum of squares is calculated for each metric as the bottom of the page. The
equation for this is shown for the TOGW below.

Example Excel formula for square root of sum of squares (TOGW):
=SQRT(SUMSQ(C$4:C$275))

This format is used for all metrics. Note, if you have more or less responses than the 8 given in the HSCT file,
you need to modify ALL sheets that are dependent upon the number of response (i.e., attribute) columns .
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The next sheet is the “Weighted normalized DM”. Two things are done on this sheet. First, the decision
matrix is normalized and multiplied by the subjective weighting values defined by you. It is updated automatically
from the alternatives sheet. It is found with this equation:

=('alternatives list'! original value/'alternatives list'! sum-of-squares )* weighting value

Next the positive ideal and negative ideal solutions are determined for each metric. These are at the bottom of
the matrix and are determined based on the following equations. For both TOPSIS spreadsheets provided, all the
metrics are desired to be minimized, i.e., in the context of TOPSIS, they are considered “costs”. If you want to
maximize a metric, it is considered a “benefit”. So, the Excel formulas used to determine the positive and negative
ideal solutions are:

If you want to minimize your metrics, say TOGW, the ideal solutions are defined as:
Positive Ideal Solution, S* =MIN(C5:C276)
Negative Ideal Solution, S"=MAX(C5:C276)

If you want to maximize your metrics, say TOGW, the ideal solutions would be defined as:
Positive Ideal Solution, S* =MAX(C5:C276)
Negative Ideal Solution, S"=MIN(C5:C276)
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The next sheet is the “Euclidean_dist” sheet. This sheet determines the separation from the positive and
negative ideal solutions and calculated by the difference of the sum of squares of the weighted decision matrix and the
positive ideal solution and negative ideal solutions, respectively. Examples of these two calculations are provided. In
addition, the relative closeness to the Ideal Solution is determined. You will use these values for the alternative
rankings. An example of how this is calculated is also provided.

Example formula for the Separation from the Positive Ideal Solution:
=SQRT(SUMXMY2(Weighted normalized DM!C5:J5,Weighted normalized DM!C$277:J$277))

Example formula for the Separation from the Negative Ideal Solution:
=SQRT(SUMXMY?2(Weighted normalized DM!C5:J5,Weighted normalized DM!C$278:J$278))

Example formula for calculating the Relative Closeness to the Ideal solution:
=E4/(E4+C4)

Remember, if you have a different number of cases or metrics, you need to modify the cell referencing.
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The next sheet is “Rankings”. This sheet has columns for the ranking, case number, and the ‘relative closeness
to ideal solution’ value, which is labeled ‘Ranked Order from Best to Worst’. The case number and ranked order
columns should be blank until you run the macro.
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The last two sheets we’ll talk about later. So, let’s run the macro.
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To evaluate the different weighing scenarios, you can run the “run_topsis” macro. In order to do this, you
must fill in the “Inputs” sheet to reflect the number of technology combinations, responses, weighting scenarios, and
top alternatives to extract. Then go to the Tools menu, select Macro, and then Macros. Select the “run_topsis” macro
and hit Run.

The first thing the macro does is copy the weighting factors for the first scenario from the “Scenarios” sheet to
the “Weighted normalized DM” sheet. The values for the weighted normalized responses automatically update. Then
the values for the ‘Relative Closeness to Ideal Solution’, which also update automatically, are copied from the
“Euclidean_distance” sheet and pasted to the “Rankings” sheet under the ‘Ranked Order from Best to Worst’ column
and to the “Calc Area for Chart” sheet into the column for the first weighting scenario. The case numbers are then
copied to the “Rankings” sheet in the ‘Case’ column. Next, the ‘Case’ and ‘Ranked Order from Best to Worst’
columns on the “Rankings” sheet are sorted in descending order by the ‘Ranked Order from Best to Worst” column.
Finally, the top 25 case numbers are pasted into the “Scenarios” sheet in the ‘Ranking’ column for the first scenario.
This process is repeated for all the weighting scenarios.

The “Calc Area for Chart” sheet uses the relative closeness values to find a top ten overall. This page
calculates area based on a ten spoke circle (based on ten weighing scenarios). It calculates the area, sums it, and uses
this to rank its top ten combinations. These top ten are graphed, with their relative closeness values for each weighting
scenario, on the last page, “Radargram for subset”. This graph should automatically update when the macro has been
run. The “Calculated Area for Chart” sheet should look like this:
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And the Radargram like this:
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Technology Frontiers

The inefficiencies of the Multi-Attribute Decision-Making techniques, deterministics, and non-intuitive
numerical results may be improved with the use of the Technology Frontiers. Technology Frontiers are defined as the
limiting threshold of an “effectiveness” parameter. The technology frontiers are similar to TOPSIS with the use a user-
defined function for which maximization is desired. The Technology Frontiers approach involves calculating the
parameters for Performance Effectiveness (PE) and Economic Effectiveness (EE) using the baseline values and the
value of the metrics for each alternative.

Open the file “Tech Frontiers”. This sheet will graph the technology frontiers for performance and economic
effectiveness at each confidence level. This file has many sheets, including “total data”, “sorted data_theo”
“sorted_data 107, “sorted_data 50, “sorted data 90”, and “Calc_fronts”, plus sheets for each of the graphs. First,
you need to copy the compatible case numbers and 1s and —1s on the “total data” sheet. Next, copy the value for each
response from the “Compatible List” sheet of the “Calc_deterministic Full fact tech” file and paste it into the
‘Theoretical’ column for each response. Now go back to the “Prob_tech eval” file and click on the first Response
sheet. Since the “Tech Frontiers” file needs the response values for the confidence levels of 10%, 50%, and 90%, copy
these columns from the response sheet into the appropriate columns on the “total data” sheet. To clarify’ for the first
response, which is TOGW on sheet “R1”, copy columns D, L, and T and paste them into columns O, P, and Q. Repeat
this for all the responses. Be sure to modify the number of responses if you have more or less then eight. If your
number of cases differs, change cell references as you move through the workbook.
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Now scroll to the right. The columns after the response columns contain formulas to calculate feasibility and
performance and economic effectiveness. Check the formulas in columns BE through BH (feasibility check) and
change them if you have different constraints. When all the formulas are updated, place your cursor in cell A4 and
highlight all cells from B4 to BH275. This should be 272 rows, or as many cases as you have, and all columns from the
‘Original Case Number’ column to the ‘Performance Check for Technical Feasibility (90% Confidence)’ column.
Copy this and go to the next sheet, “sorted data theo”. Paste Special and choose Values into cell B4. On the
“sorted_data_theo” sheet, sort by column "BE" in descending order, then "AU" in ascending order. Copy the original
data from the “total data” page into the “sorted _data 10, “sorted data 507, and “sorted _data 90 sheets and follow
the sorting instructions in yellow at the top of each page.

_‘:i‘?ﬂ Eile Edit _mew_gvsert __fgrmat Tools E_)_aEa Window geHmR_grl__C"ﬂTuols ue_\p_ - ) ~ _-_]_EJ_E]
DR SRy iR~ | R®|z 4 45 0@
-‘;.T\mes Mew Ru.r;an . 10 = B I U | ¥ @ |
laew AED®RL s |E > =

B =] =1

o [ B [ c© 1 o [ € [ ¢ [ & J w®w [ 1 [ 9 T & T ¢ [ ™ [ ®w [ o J[ B T BH T B | EJ =1
| [Ta execute the sorting of the data required to plot the frontiers per the munbex of technologies on an allermative, copy the mfo from the "lotal_data" sheet and paste as vabues, {hen sort
by column "BE" in descending order, then "ATT" in ascending oxder. All of the frontier plots should be updated at that point e technology concept CAN meet
| nce targets
! 2 | T 3 5 [ k] 1] 1T
Mumber of | Original Integially, Stiffened Smart Wing ERISIMANc ik (R stioimare Bech
et s Ccrw_)cs\te Composite | Creulatian| oo | Envitonmental | Fliht Deck |\ Prapuisian| o S0 LESE) o (O T0R, | Active Flaw | Acaustic TOGW | TOGW (ox For Technioal Foi Teohnical System Effect
ing Fuselage | Control Engines Sustems | Materisls Contral | Contral | (Theoretical) | Confidence Feasibilin (503 Feasibility 303 [Thearetical)
Combinations|  Mumber Stiuctures (wing) | Aeroelastic Control] o 5
onfidence] Confidence]
10000
10153
10207
10888
03376
10140
10133
10368
10265
10822
10431
Ei 10854
Sorkby z - - 7
10285
Calumin BE v] © ascendng g . 10333
* Descending g 10506
E E 10080
Then by - 7 s
Column AL ~] = Ascending
" Descending
Then by
+| * Ascending
" Descending
My list has
" Headerrow ¥ Mo header row
Qptions, . I ok I Cancel
Bwerage valud 7952919991 | 7942405098 1042205645
median TI8906.333F | TIELT0.7I04 1040383624
mak BEIMEIVES | SE0MB0.7371 110974314
min 054454207 TIES4ETTH 0339637022
length S41E0.84381  EISI0.00671 006535419
| data },sorted_data_theo (" sorted data 10 J_sorted_data 50 d_data 90_# Cale_fronts [ perf-the |4

[omn= Iy & | auoshapes~ S S OO E 4l &2-2-A-==2ma

M. Kirby Page 99



TIES for Dummies

Now check the 16 graphs that follow. These are plots of RDT&E versus the various effectiveness parameters.
These parameters are automatically calculated in the various sheets. If you have different variables or want a different
weighing scenario, these formulas must be updated. The basic forms for these equations are:

PE, -« T0GW,, ny TOFL,, Vapp ,, LS FON,, i SLN ,
' T OGWAI;,. TOF! LAlz,. Vapp Alt, FON Alt, SLN Alt,
A RPM
EE, =a cq$ n $/ BL
‘ Acq$A,,[ $/RPMAlt[

The graphs should automatically update based on the new data you copied in and sorted, but you need to
change the cell range for each number of technologies. Click on the first graph page, “perf-theo”, right-click and
choose ‘Source Data’. On the ‘Series’ tab, click on each of the data series and adjust the x and y values based on the

number of technologies.
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Now go to the “Calc_fronts” sheet, which calculated the thresholds. To calculate the Performance threshold,
use the formula:

T TOFL F 7
threshold — a OGWBL + ﬁ O BL + z Vap p BL + 5 ONBL + & S N BL
1,000,000bs 11,000/t 155kis  106EPNLAB ~ 103EPNLAB

This formula should include all of your performance metrics. If you are using different constraints or metrics, you will
need to adjust the formula. The weighing values are arbitrary. For this example, the different metrics have been
weighted evenly. The coefficients must sum to one.

For the economic threshold, the formula is:

Acq$,, +'8$/RPMBL
$185M $0.10

This reflects your economic metrics. If your metrics or constraints vary, the formula must be updated. For
this threshold, $/RPM has been weighted with 0.75 in order to place more importance on that metric. The PE
Threshold is the average of the performance and economic thresholds.

The Technology Frontier must be added using drawing tools. You can adjust an existing frontier by right
clicking on the shape and selecting Edit Points. This will allow you to move and reshape the frontier. To add a new
frontier, select AutoShapes from the drawing toolbar. Select Lines and then the curve as shown below.

PE

EEthreshald =a

X Microsoft Excel - Tech Frontiers B =18l x|
B Ele Edt view Insert Format Took Chart Window Help ;Iﬂliﬂ

DESHSRY 'BR ¥ o-c- A& =2 2% o8~ (@

arial -0 -|B 7 U A £Z§£§\E|v&vA_~|
A $w AERRGe B T EEEFE
Chartares 7| =
. . .
1.35
1.20 4
@
E 115
.’»é ’é 4 Ztech
25 % Ftech
=3
mg L0 * diech
g £ e Sech
LI I-_% + Gtech W
P —
Eé’ Threshold
=105
H
&
e Threshold
0.95 t t t t t t t {
14000 14500 15000 15500 16000 16500 17000 17500 18000
| RDT&E (FY '96 $M)
I —
EQ
e . .
o] Connectors 3 B
A Basic shapes 3 ﬂﬁ %
B Block Arrows »| curve
Za Elowchart »
3% Stars and Banners b 1=
»

[ [» [#1 total ¢ %2 calouts | £ sorted data 10/ sorted data 50 sorted daka 90 4 Calc_fronts 3 perf-theo / perf-10 / perf-50 f perf-30 { econ_the | 4] B
[[omwe b & [[ashepess ~ " OO E 4 »-2-A-==28 @

You can now drag and click points around the data points to make the technology frontier. Repeat checking
that the number of technologies and the technology frontiers are correct on the rest of the graphs.
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For the graphs of Economic versus Performance Effectiveness, check the data for the ideal point. This point
should come from the maximum values of the two data groups at the given confidence level.
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One interesting comparison is the Technology Frontiers between the confidence levels. This shows how the
different confidence levels affect reaching the threshold without changing the general shape of the frontier.
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Technology Sensitivities

A technology sensitivity investigation is performed by a comparison of the infusion of the individual
technologies to the conventional configuration, and evaluation of the deviations in metric values. The idea here is to
determine which of the different technologies, as applied in isolation of the others, most influences the vehicle metrics.
You have all the data and can simply manipulate it and format some pretty pictures. The example below is the impact
of the 11 individual technologies on the TOGW of an HSCT. As you can see, T4, which was the HLFC technology,
had the most significant impact on reducing the TOGW from the baseline value. Whereas T5, which was the
Environmental Engines technology, had the most significant NEGATIVE impact on the TOGW.

Deviation from Baseline Takeoff Gross Weight (%)
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Now open the file “Tech Sensitivities”. This file will calculate and graph the technology sensitivities. The first
page is the “Data” page, where you need to copy in the technology impact matrix into the graph starting in cell B4.
Then update the formulas for the “k” factors in the second graph starting in cell B18. Change the baseline in cells B45
to 145 if it differs from the one given. Be sure to edit the number of columns and rows if you have more or less
technologies, metrics, or “k” factors. Next, you need to update the “RSE” page for your RSE. Then go back to the
“Data” page and select the Tools menu, then Macro and then Macros. Choose the “run_techs” macro and edit it to
reflect the number of technologies and responses. Make sure the cell references are right. Now run the macro. The cells
from B32 to 142 should fill in with the metric values, and the ‘Percent Change from Original Baseline’ table should
automatically update. Once the macro has finished, you can edit the graphs for the metrics.

This information can also be found from the “Calc_deterministic_Full fact tech” spreadsheet. Find the case
that has only the tech you are interested in on. Copy the metrics from these cases into the ‘Metrics’ matrix. This will
update the ‘Percent Change from Baseline’ and the graphs.
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Here’s a sample technology sensitivity graph of approach speed. You can see that TS, environmental engines,
increased the baseline the most, while T3, which is circulation control, reduced it the most.

Approach Speed

Technologies

-8 -7 -6 -5 -4 -3 -2 -1 0 1 2
Percent Change from Baseline

Using the “Prob_tech eval” sheet, it is possible to graph the different confidence levels for each technology
sensitivity. Open the file and save it as “Prob_each tech”. Now change the tech combinations on the “Cases” sheet so
that each row has one tech on and the rest off. This chart should have as many rows as you have technologies.

2 Microsoft Excel - Prob_each tech.xls -2 x|
7 Fie Edit View Insert Formet Tools Data Window Cell Run CETools Help -] 5[‘
A AERD B Ers (r[EwudfE0 e 0cshshy szt o--- a®(= 4 0ea - -8
Times New Roman = A TEIE [i-a-A .‘
ve0
A I H I T | ] I 3 I o w7 N o | P I Q@ | R | s | T u | v w X[ ¥ —
1 |Note: The ix 2 s s 3 1 s El 0 1 © ® 1 20 21 22 Ed 24 £ 26 2 28 E s &
2 | DoE table fraom JMP ior the full factorial combo of i 1 2 3 4 5 6 i 8 a 10 n 12
e Camposite Fusehge SR | Ydres
€ED g Hi® weigie | g | Erae Weighe Connolz | Mg o
s
T1 1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1
08 ' w2 ' i i ' ' ose | ose ' '

Cases to | Composite [ Composite | Circulation Environment wal Acoustic

be run ing Fuschige Centrol (L Engines Contrel
3 . . .
e e —— —_— Combinations with
15 T4 -1 -1 El 1 -1 -1 El -1 El -1 -1 [ n t hn 1 n
o o e e I [ I I B one technology on.

Now, change the number of cases on the “Definitions” sheet and rerun the Monte_Carlo macro.
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Open the “Tech Sensitivities-prob” file. Copy the data from each response page into the probabilistic
evaluation section.

SIS
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The percent change and the graphs will automatically update for the new data. Here is what the graph for
Approach Speed looks like now with the confidence levels:
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Genetic Algorithms

Genetic Algorithms (GA) offer a unique way of selecting the best technology combination by simulating the
natural processes of breeding and competition. Random combinations of technologies are created with an array of 1’s
and 0’s representing the techs in the on and off configurations respectively. Each combination representing all the
technologies in either the on or off position is called a chromosome. A certain number of chromosomes are randomly
created within a population and then the RSE's are used to obtain the response for each combination. The responses are
normalized by some kind of “fitness function” which allows one number to represent the goodness of the combination.
A combination with a low fitness value is closer to the ideal since the minimization of the metrics is desirable. The
population is then put through a reproduction scheme whereby the more “fit” a combination, the better the chance that
it will be selected for reproduction and its offspring will become more dominant in the next generation. In addition to
competition and reproduction, the concept of mutation is introduced into a population in order to capture effects that
might not have been available in the first random selection. Thus after several generations the most fit combinations
will have achieved prominence and the “best” combination can be found.

When a large number of technologies exist the only way to use JMP and the TOPSIS method is to break the
techs down into groups of 13 or less and analyze them separately. This, however, does not capture all the interactions
between technologies. The best use of genetic algorithms comes when the number of available technologies is greater
than 13, which is the largest full factorial combination that JMP can create. GA is run through a Matlab code that is
very modular and must be set up for each concept that is investigated. This is done by creating certain text files that
contain the information needed by the program.

An example GA run for a 225 passenger subsonic passenger jet is shown here. The background information
for this jet is found in the “225 Pax Info” Excel file. This concept has 36 possible technologies for infusion, which
would require three separate groups under TOPSIS. Here we will analyze them all together using GA's. The first and
most complicated task is to determine patterns within the technology compatibilities. Because each combination is
compared to the others within each population and the next generation based on this result, it is imperative that only
compatible combinations be used in competition.

Table 8: Technology Compatibility Matrix
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By further analyzing this compatibility matrix, it would become evident that all the incompatible
combinations fall within groups of technologies that are compatible with any technology outside the group but
incompatible with anything in the group. These groups are shown in Table 9. The 12 remaining technologies are

compatible with all other technologies under consideration.

Table 9: Technology Groups

Group 1 Group 2 Group 3 Group 4 Group 5 Group 6
T3 T5 T21 T2 T16 T4
T8 T9 T31 T12 T19 T14
T13 T15 T34 T17 T25 T18
T23 T24
T32 T33
T35 T36

The original organization of the TIM had nothing to do with which techs were in which compatibility group
but the Matlab requires that the chromosomes created for it be organized by these groups. Therefore, it is necessary to
rearrange the values in the TIM. The order needed is given below.

Technologies Compatible with Everythin,

Group 1

Group 2

G

Group

Group

== R NN N NN
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S w‘oo‘w
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W N[ W,
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3 4
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IS NS I N V=3 oY

6

Open the Technology Impact Matrix and rearrange the technologies in order. Be sure to put in zeros where the

technolog

does not have an effect. Copy just the impacts and paste them as values into a new Excel sheet.
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Save this file as the TAB delimited text, named “TIM.txt” as shown below.
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Now create the other input files. Copy the RSE’s from JMP into EXCEL, then remove the titles in the first
column by removing column A. Save the file as TAB delimited text under the file name “RSE.txt”. The RSE’s need
the inputs to be in the same form as FLOPS so the “k” factors must be converted in order to be useful. The converting
factors and multipliers can be found in Table 10. Most of the values needed are factors distributed around 1, where an
increase in the value leads to a number greater than 1 and a decrease leads to a value less than 1. Some of the economic
factors, however, are based around 0. Other variables are needed as dimensional values and not factors (it will depend
on which variables you are using, check the FLOPS manual for more information). The Matlab program will convert
the “k” factors given the factors and multipliers in Table 10. You should copy and save the numbers in this table as
TAB delimited with the filename “ranges.txt”.

Table 10: K Factors and Baseline

Minimum k | Maximum k | Factor Base.llrlle
Multiplier

Wing Weight 0.65 1.15 1 1
Fuselage Weight 0.75 1 1 1
HT Weight 0.6 1 1 1
VT Weight 0.6 1 1 1
Cdi 0.8 1 1 1
Cdo 0.8 1 1 1
LG Weight 0.75 1 1 1
Avionics Weight 0.5 1.05 1 1
Hydraulics Weight 0.5 1.05 1 1
Furn. and Equip. Weight 0.9 1.05 1 1
VT Area 1 1.8 1 250
HT Area 1 1.888888889 1 450
Engine Weight 0.55 1.05 1 12126
Fuel Consumption 0.8 1.01 1 1
RDT&E Costs -0.2 0.2 0 1
0&S Costs -0.2 0.2 0 1
Production Costs -0.2 0.2 0 1
Utilization 0.8 1.2 1 4915
Wing Area 0.82111437 | 1.026392962 1 3410
Thrust-to-weight ratio 1 1.166666667 1 0.3
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In order for the chromosomes to be compared, there must be a number that represents the fitness of each. This
number can be chosen from a variety of possibilities based on what metrics are of greatest interest in that case. For this
example a comparison between several metrics and their constraint values will be used as the measurement. The
equation for the fitness factor is:

response | 4 response o n

F=a

constraint; constraint ,

where alpha is the first weighting value, beta is the second weighting value, and so on. The constraints are stored in the
order of this equation in a text file called “base.txt” with the weighting values for the metric located in the row beneath
them. In this example, there are five metrics with constraints that are significant, which are CO2, $/RPM, TAROC,
DOCHI, and NOx. These constraints and weighting values can be entered into two lines of EXCEL and saved as TAB
delimited text. The Genetic Algorithm programs are set up so that minimization is desirable. If you wish to maximize
your responses, it is necessary to modify the “run225.m” file. To do this, add the following line of code after the last
existing line:
F value=1/F value

This is required because the “tournament.m” file is set up so that a smaller fitness value is preferable.

The Genetic Algorithm code is not a single program; instead it consists of 21 separate program files. These
should all be in one folder called “Matlab Files”. This folder should also contain the various input files you created
above. It is essential to set up Matlab to recognize wherever you have the program and input files. To do this open the
File menu, go to Set Path then Add Folder and add the “Matlab Files” folder where the files are located. Once all the
input files are correctly set up all that’s left is to run the code. Make sure that there are no files in your work directory
that duplicate the names used for this program. If there are, these files will be used instead of the correct ones. If you
plan on running a different number of runs, be sure to change the “hgat36.m” file by changing the ‘RUNS’ line in the
‘Input’ section. To run the Genetic Algorithms codes, type ‘hgat36’ in the Matlab command window. The entire
Genetic Algorithm process will run from this code.

<) MATLAB i
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Once the program is finished running for the number of runs selected, it is just a simple matter to analyze the
output and determine the best chromosome. Open the ‘grand best’ variable in the Matlab Workspace window.

<) MATLAB NI =18

File Edit Yiew ‘Web Window Help

0| & BB o
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@gsner_flti 1x20 160 double array
@ganer_fltz lxz0 160 double array
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@g&ner_fltA 1xZ0 160 double array
@ganerauon 1x1l 8 double array
double array
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Ready

The number that this gives you represents the best fitness that any technology combination was able to obtain.
Since there were four populations run simultaneously, it is necessary to determine from which of these populations this
fitness value comes from. This can be done by opening the ‘best fit’ variables and determining which matches the best
overall value. Then open the ‘best chromosome’ that corresponds to the best fit; this is your best technology
combination. Note that the order of the “on” and “off” tech switches corresponds to that of the Technology Impact
Matrix.
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Modifying the Code

For a different vehicle and technologies this code must be significantly changed in order to be used. The most
dificult aspect will be setting the code to only pick compatible cases. If your vehicle has technologies that can be
organized into groups such as in the previous example where A # B, A # C, and B # C then the changes to the code are
minimal. However, for technology sets where A # B, A # C, but B = C then a whole new approach must be sought.

For the former case where the groups are different but still all the techs can be categorized into one then the
procedure is rather straightforward. First let’s look at the initial random population selection. Open the file “hgat36.m”
and scroll down to lines 69-82.

Runs code to randomly
pick a maximum of 1 tech
from each compatibility
group

» poplh = rand(num_ch, 12)g 0.5:
poplt = tail(num_ch)}

popl =[poplh, poplt];

Randomizes first 12
completely compatible
technologies

pop2h = rand(num_ch, 12)

pop2t = tail(num_ch);

pop2 = [pop2h, pop2t];
pop3h =rand(num_ch, 12) <0.5;

Change to number of
completely compatible
techs in study

pop3t = tail(num_ch);

pop3 = [pop3h, pop3t];

pop4h = rand(num_ch, 12) <0.5;
pop4t = tail(num_ch);

pop4 = [pop4h, pop4t];

In this area of the code change the 12 to the number of completely compatible technologies in your study. It
will also have to be changed in lines 87, 181, and 234. In order to modify the code for the selection of techs in each

group open the file “tail.m”

function pop = tail(num_ch) # of groups
with 6 techs in
for j= 1:num_ch them
II = eye(6);
fori=1:2,
g(i) = floor(rand*7); < Groups 1 & 2
if g(i) == 0, G(i,:) = zeros(1,6); with 6 Techs
else G(i,:) = II(g(i),:);
end
end
11 = eye(3), (# of techs in
fori=1:4, the group) +1
gg(i) = floor(rand*4)e—— | |
if gg(i) == 0, GG(i,:) = zeros(1,3);[¢——— | Groups 3-6
else GG(i,:) = I(gg(i),); with 3 Techs
end
end

end

pop(,:) = [G(1,:),G(Z;7),GG(1,:),GG(2,:),GG(3,:),GG(4,:)];

Selected Configuration from Groupl, Grouip2, Group 3, ...
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The first thing that is evident is that there are only 2 calculations going on. This is due to our previous
example having only 2 different sized groups- groups 1&2 with 6 techs each and groups 3-6 with 3 techs each. If your
case has more variance in the size of the groups you will need to create new nested ‘for’ loops. The overall method of
this code is blatantly simple: an identity matrix is formed with each row representing a case with only 1 of the
technologies turned on. There is an equal probability for any of these rows to be selected along with the same
probability that none will be selected which represents the case of no technologies from that group being activated. In
order to modify the code the ‘for’ loops must be changed to represent the number of techs in each group. At the end of
the file the selected configurations are combined to form the last section of the chromosome. This must be changed as
well to correctly piece together the selections in your new technology set.

This takes care of the initial population creation but the later mutation of the chromosome must also be
altered. Mutation is taken into account in order to possibly allow in technologies not selected in the initial population.
The mutation code can, however, allow in technologies that are incompatible with those already selected. For this
possibility another code is run in order to screen for this effect. Open the file “genemanipulation.m” and look at lines
5-16.

. Do 13-18 represent section of
if sum(pop(i,13:18)) > 1, .
loc ip ﬁlralgl(pop (i,)l) 3:18)) / the chromosome being
if rand < 0.49, affectcd
pop(i,loc(1)+12) =1 - pop(i,loc(1)+12);
elseif rand < 0.98
pop(i,loc(2)+12) =1 - pop(i,loc(2)+12);
else
pop(i,loc(1)+12) = 0;
pop(i,loc(2)+12) = 0;
end

This section of the code looks through the part of the chromosome containing group 1 and determines if more
than 1 of the technologies in the group is on and, if so, there is a 49% chance of the first tech being selected, a 49% of
the second tech being selected and a 2% chance of both being turned off. This is run through several times for each
group to ensure that if more than only 1 tech and most remains on. In your code you must edit these sections of the
code in order to look at each section of the chromosome representing incompatible technologies and make a proper
selection. Now that the chromosomes are correctly set up the rest of the code will run without needing any changes.

There are a few things that can be changed should you choose to do so such as the equation for fitness used by
the algorithm to compare the chromosome in competition. This can be done in the file “run225.m” on line 44. This
equation is simple to edit but you must remember that it and the file “base.txt” are linked so changes to one necessitate
changes to the other. Changing the RSE’s and TIM’s can be done just as described in the previous 225 passenger
example.
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If you have any questions or comments, you can reach Dr. Kirby at
michelle kirby@aerospace.gatech.edu.
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Appendix A: Parse Shell Script Description

A R R R R R R R R R

#
# #
# PARSE #
# #
# Written by Samir E1 Aichaoui #
# Supervised by Dr. Mark A. Hale #
# Aerospace System Design Lab #
# Georgia Institute of Technology #
# Summer 1998 #
# #
FHEF AR R
FHEF A H A A R R R R A
# DESCRIPTION #
# #
# PARSE allows a user to extract data from a formatted data file. We have found it to be #
# particularly useful for use with automating analysis, "wrapping", programs for use in #
# software architectures. #
# #
# PARSE is command line driven and uses tk/tcl as its core. #
# #
FHA A R R R #
FHEH A H AR R R A
# ARGUMENTS #
# #
# This program supports the following command-line options #
# -search allow you to define the search criteria that will define a certain position #
# (or more specifically line) in the file. this option requires a string #
# as an argument. This search string need to be present in the file #
# This option is required. #
# -read specifies which word from the line you want to extract. When this option #
# is not specified the default 1 is used. #
# -forward start the search for the search criteria from the beginning of the file. #
# -back start the search for the search criteria from the end of the file, this is #
# useful when the results sought are at the end of the output file. The #
# default value is -forward. #
# -occurance defines the number of times the search criteria occur in the file before #
# reaching the line considered. the default value is equal to 1. #
# -offset defines the number of lines offset with respect to the line defined by the #
# search string. the default value is equal to zero. #
# -split stringl after string2 is used in the case of values following string2 #
# ( example = ) and separated by stringl ( example , ). #
# -matrix intl int2 allows to extract a matrix instead of a single string. intl defines #
# the number of rows and int2 specifies the number of columns. #
# #
FHEF AR A
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FEA R R R S R 4
# USAGE #
# usage: parse98 -search string [-read int] [-forward|-back] [-split char after char ] #
# [-matrix int int ] [-occurance int] [-offset int] [-help] file #

#

ifddaassissasasisssaaisissagisdsaasisssagaisisassissasaiiissasissagsisssasiiissasiissastisisaniti
B AR R R R R R R R R R R R R R R R R R R A

# EXAMPLES #
# #
# 1) parse98 -search "something" input.dat #
# will search for the first occurrence, first word in the line, #
# from the beginning #
# of the file input.dat for the word "something" #
# the value returned will be the first value on the line #
# #
# 2) parse98 -search "something" -back input.dat #
# will search for the first occurrence, first word in the line, #
# from the end of the file input.dat for the word "something" #
# the value returned will be the first value on the line #
# #
# 3) parse98 -search "something" -read 3 -matrix 3 3 -back -offset -2 -occurance 3 \ #
# input.dat will look for the matrix found two lines before the #
# line containing "something™ in its third occurrence in the file. #
# The matrix will have three rows and three columns and will be #
# starting in each line at the third word. The file used is #
# input.dat. #
# #
# 4) parse98 -search "something" -read 3 -split "after =" input.dat #
# if the line found is "something=3.4,5.6,7.6" #
# then the result returned is 5.6 #
# #
FHEF A H A A R R S R
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Appendix B: TSW Program Guide

Aerospace Systems Design Laboratory
School of Aerospace Engineering
Atlanta, GA 30332-0150
www.asdl.gatech.edu

March 12, 2001

Background

TSW is a UNIX utility program that substitutes variable values into a namelist formatted input file.

Files

There are three main files of interest when using TSW for file substitution. The files can have any name but

all three files must have unique file names. The general file layout is shown below:
Input File Substitution Template

Output File

Input File

The input file must be namelist formatted input file in which variable values are to be substituted. A sample
input file follows:

$OPTI ON
| OPT=1, |FITE=1,
| ANAL=3,
$END
$CONFI N
DESRNG=800. 0, TWR=0. 63,
GW£30000. 0, 0. 0, 25000. 0, 35000. 0,
$END

The following rules apply:

e Namelists must be all $ or all & separated

e Variables may be scalar or array

e Tabs may not be used in the file (e.g. at the beginning of the line)

e  Variables must be comma separated and the last variable in a namelist must have a comma after it

Substitution Template

The Substitution Template defines what variables are to be substituted into the namelist and what the new
values are. The general file format is:

\ namel i st variabl e val ue |
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nanel i st vari abl e val ue

The following rules apply:

e  All variable and namelist names must appear exactly as they are in the input file

e If a scalar variable does not appear in the given namelist, it is appended automatically to the end. Array
variables cannot be appended.

e  Array variable values are indicated by []. For example, the third element of the variable GW is indicated
by GW[3].

e A “*’can be used to apply the substitution to all namelists.

A sample substitution template follows:

OPTION | FITE 2
OPTI ON | ENG 1
CONFI N DESRNG 750. 0
CONFI N GW 3] 28000. 0

Output File

The output from the file parsing is put into the output file.

The following rules apply:
e  The output filename cannot be the same name as the input filename
e The file is organized for single variables to appear on their own line
e Formatted text is ignored

A sample output file follows for the examples given above:
$OPTI ON

| OPT=1,

| FI TE=2,

| ANAL=3,

| ENG=1,
$END
$CONFI N

DESRNG=750. 0,

TWR=0. 63,

GW£30000. 0, 0. 0, 28000. 0, 35000. 0,
$END

Execution
TSW is executed from the UNIX command prompt. The syntax is:

tsw —i nput | nputFilenane —out put QutputFil enane SubstitutionFile

The following rules apply:
e  The input file must exist
e  The substitution template file must exist
e The input and output file must not have the same name
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